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Abstract

We hereby report a case of a 52-year-old Chinese obese male, diagnosed 
with nasopharyngeal carcinoma. During the first cycle of induction chemotherapy 
with full weight-based dosing, he developed complication of severe diarrhea, 
grade III myelosuppression, septic shock, hypovolemic shock and acute kidney 
injury. He was then transferred to intensive care unit. For this young and 
treatment-naive patient, in addition to several comorbidities, body composition 
analysis revealed an abnormality: The patient had normal amount of skeletal 
muscle mass but excess amount of adipose tissue in viscera and subcutaneous 
tissue. The patient’s visceral adipose tissue/ subcutaneous adipose tissue ratio 
was up to 1.10 and was above the mean of average person. As Asians may be 
fatter than Caucasian in the same BMI, we readdress that the disturbance of fat 
distribution and fat quantity may also affect the tolerance of chemotherapy drugs 
and propose new directions that are worth exploring.
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Introduction
A number of literatures suggest to incorporate body composition 

evaluation into chemotherapy dose determination. A large number 
of these literatures show that low lean body mass or sarcopenia is a 
significant predictor of toxicity, such as 5-fluorouracil, capecitabine, 
anthracycline and taxane [1-3]. These studies were mostly finished 
in Caucasian and few studies have been done in Asian patients. 
Although Asians may have lower BMI, they have paradoxically 
higher proportions of body fat compared to Caucasians [4,5]. Wider 
variations in volumes of visceral adipose tissue than in volumes of 
skeletal muscle were observed within a cohort of Asian breast cancer 
patients [6]. This study in Asian breast demonstrates that body 
fat composition is predictive of doxorubicin-related hematologic 
toxicities, whereas BSA-based dosing and muscle volume are not. 
Wejie Gu et al. also reported that radiologic measurement of visceral 
adipose tissue is an independent prognostic factor for Asian patients 
treated with targeted therapy for advanced renal cell carcinoma, 
whereas skeletal muscle is not, which is inconsistent with counterparts 
in Caucasians [7].

Case Presentation
A 52-year-old Chinese male presented in July 2018 with a 

painless mass on the left side of the neck, about the size of a pigeon 
egg. The patient was diagnosed with low/undifferentiated carcinoma 
of nasopharyngeal stage T3N1M0. In his past history, chronic 
viral hepatitis B infection was found 20 years ago and treated with 
entecavir 1# once a day. Hypertension was found over 10 years ago, 
the highest blood pressure was 180-190/100-110mmHg, and 75mg of 
irbesartan was taken once a day for hypertension control. Gout was 
found 3 years ago. Colchicine was taken as needed. 

Induction chemotherapy was initiated. The TPF regime 
(docetaxel + cisplatin + 5-fluorouracil) was adopted in Aug. 8th 
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2018. Details are shown below: cisplatin 70mg intravenous drip 
d1, d2+docetaxel 140mg intravenous drip d1+ fluorouracil 3g 
intravenous injection (pump) 96h. On the day 6, the patient became 
critically ill. He developed abdominal pain and diarrhea the night 
before and complained of dry mouth. After 7 or 8 episodes of diarrhea, 
for watery stool, he became weak and sweaty. The blood pressure 
measurement was about 80/40mmHg, and the oxygen saturation was 
reduced to 80%. Laboratory investigations revealed that white cell 
count, the absolute number of neutrophils and blood platelet count 
were reduced to 1.5x109/L, 0.87x109/L and 96x109/L respectively. 
Other abnormal results were: C-reactive protein (CRP) 149.7mg/L, 
procalcitonin (PCT) 43.73ng/ml. He was treated with recombinant 
human granulocyte colony stimulating factor 300ug as well as 
dopamine and fluid infusion. Imipenem/Cilastatin 0.5g intravenous 
drip q8h was initially applied for the purpose of fighting infection.

At the night of day 6, the patient was in irritable state and sweating 
profusely and his limbs were wet and cold. The pulse was fast. His 
vital signs were shown as below: Temperature 38oC, Heartrate 135-
150bpm, Respiration rate 45bpm, Blood pressure 100/60mmHg. He 
was transferred into intensive care unit (ICU). In ICU, the patient still 
had watery stools, companying nausea and vomiting. CRP and PCT 
elevated to 513.4mg/L and >100ng/mL respectively. The patient was 
diagnosed with septic shock, myelosuppression (blood platelet count 
dropped to 42x109/L) and acute kidney injury (serum creatinine levels 
142μmol/L, BUN 11.47mmol/L). In the day 7, no positive bacteria 
were detected in fecal culture and PICC catheter culture showed no 
anaerobic and aerobic bacteria from left and right, Empirical anti-
infection treatment was adjusted to: meropenem 1g intravenous drip 
q8h, teicoplanin 400mg intravenous drip q12h, rifaximin 0.2g oral 
q6h and metronidazole 400mg oral q8h.On day 11, inflammation 
markers and blood cell count began to come back to normal and the 
patient had no complaint of special discomfort, so the patient was 
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transferred back to the general oncology ward. 

Second cycle was not initiated until day 35. Drug dose was 
reduced to 75% in the second cycle: cisplatin 50mg intravenous drip 
d1, d2+docetaxel 100mg intravenous drip d1+ fluorouracil 2.25g 
intravenous injection (pump) 96h. After three cycles of induction 
chemotherapy, therapeutic evaluation was evaluated as complete 
response (Figure 1).

Discussion
The toxicity of cancer patients receiving chemotherapy is difficult 

to predict and the large inter-individual variability in drug exposure 
exists. Considering only from the patients’ condition, many factors 
can influence tolerance to a given drug, which include patient 
characteristics (e.g., age, performance status, ethnicity, weight), 
physiological factors (e.g., comorbidities, liver and renal function, 
protein levels) and intrinsic factors (e.g., genetic variations) [8].

In light of the severe diarrhea in this patient, we also tested the 
genetic status of dihydropyridine dehydrogenase (DPYD) enzyme. 
DPYD enzyme deficiency leads to toxic accumulation of fluorouracil 
metabolites in vivo, but the patient’s was DPYD (CC) wild-type.

This patient, though young and undergoing chemotherapy for the 
first time, experienced such deadly side effect, the cause of which is 
worth exploring. The patient’s comorbidities (chronic viral hepatitis 
B, hypertension and gout) may be part of explanation. According 
to the CT before chemotherapy, the patient has fatty liver disease. 
Laboratory tests also showed slight increases in AST and ALT before 
induction chemotherapy. These lesions in the liver can possibly 
influence liver blood flow and indirectly affect hepatic metabolism. 
In this induction chemotherapy regime, docetaxel and fluorouracil 
are mainly metabolized by the liver. Docetaxel was metabolized by 
CYP3A4 isoenzyme and the activity of cytochrome P4503A4 in obese 

individuals was proven to decrease [9].

It is reasonable to attribute the severe side effect to the patient’s 
background condition. What is more noteworthy would be the 
patient’s disorders of body composition. The patient is 174cm in 
height, 95kg in weight. His body mass index is 31.4kg/m2 and body 
surface area is 2.14m2, (calculated using the Mosteller formula: BSA 
(m2) = ([height (cm) × weight (kg)]/3600)1/2. This patient’s ideal body 
weight and ideal body surface area are 66.6kg and 1.79m2 (calculated 
using this formula: ideal body weight (kg) = height (m)2×22) [10]. 
For further analysis of his body composition, we utilized the CT 
image before the initiation of induction chemotherapy using Slice-O-
Matic software (v5.0Tomovision, Montreal, Canada).With standard 
operating procedures, skeletal muscle mass (SMM), skeletal muscle 
density (SMD), visceral adipose tissue (VAT), subcutaneous adipose 
tissue (SAT) and inter-muscular adipose tissue (IMAT) were assessed 
using this software on axial slices at the third lumbar vertebra (L3) 
(Figure 2). Skeletal muscle index (SMI = SMM/height2) 64.28cm2/
m2, SMD 44.24HU, VAT 196.80cm2, SAT 179.2cm2, IMAT 17.69cm2. 
This patient has a relatively normal or high skeletal muscle index, 
compared to the mean SMI of all Caucasian objects in Aaron J. 
Grossberg’s. In his study, all male objects with head and neck 
squamous cell carcinoma have a mean SMI of 56.4±9.5 cm2/m2 before 
radiotherapy [11].

All the time, obesity has been recognized by BMI. However, 
patients with the same BMI may have huge differences in body 
compositions. Sarcopenic obesity, a condition of combined 
sarcopenia and obesity, has been associated with negative clinical 
outcomes including dose-limiting toxicity [13]. But for this muscle-
rich patient, how does body composition affect drug toxicity? So, 
we’re looking for other indicators of body composition that might 
explain this toxic side effect.

As we learn from this case, the patient has an excess of adipose 
tissue in viscera and subcutaneous tissue. Adipose tissue has been 
increasingly known as a complex secretory organ that secrets 
proinflammatory cytokines (interleukin-6, interleukin-1, and tumour 
necrosis factor-a), which could contribute to the development of 
cancer [14]. Moreover, visceral adipose tissue has been associated 
with a greater degree of obesity-related metabolic derangements than 
subcutaneous fat [14,15]. In vivo, data has shown that subcutaneous 

Figure 1: a) MRI T2 scan of nasopharyngeal carcinoma in 2018-08-07; b) 
MRI T1 +C scan of nasopharyngeal carcinoma in 2018-08-07; c) MRI T2 
scan of same region in 2018-10-08; d) MRI T1 +C scan of nasopharyngeal 
carcinoma in 2018-10-08.

Figure 2: Axial CT image of the third lumbar vertebral region with 
corresponding highlighted body composition in patients: skeletal muscle 
mass (SMM) in red, visceral (VAT) in blue, subcutaneous fat tissues (SAT) in 
yellow, and muscle fat infiltration (IMAT) in gree.
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fat cells can exert a metabolically advantageous function [16], which 
means subcutaneous fat-dominant obesity may be a “metabolically 
healthy” status. That explains the rationale for evaluating VAT/SAT 
ratio [17]. VAT/SAT ratio has been an emerging obesity index in 
many clinical studies, examined in positive relation with an increased 
risk of colorectal adenoma (mean VAT/SAT ratio in adenoma group 
and no adenoma group: 1.09±0.60 vs. 0.94±0.82, p<0.001), shorter 
disease-free survival of colorectal cancer (mean VAT/SAT ratio in 
all subjects: 0.83±0.42) and severity of coronary artery disease (mean 
VAT/SAT ratio in risk group: 0.95±0.33 vs.0.70±0.25, p<0.001) 
[18-20]. Until now, there is no standard classification of VAT/SAT 
ratio. The patient’s ratio is up to 1.10 and is above the mean of the 
risk group in above-mentioned studies. His VAT and SAT value 
are also more than the mean value of above-mentioned studies. So 
far, little research has been done on the relationship between VAT/
SAT and side effect of chemotherapy. It provides a new direction for 
further clinical trials to prospectively test relationships between body 
composition and chemotherapy toxicity.

Conclusion
The analysis of comorbidities, nutritional status and body 

composition presented by visceral adipose tissue/subcutaneous 
adipose tissue ratio that affect metabolism should be paid higher 
attention for the sake of personalized treatment. The variability of 
cut offs in sarcopenia, visceral adipose tissue/ subcutaneous adipose 
tissue ratio can be explained by ethnicity, life style, cancer type and 
disease stage. As Asians may have higher proportions of fat and 
fewer proportions of skeletal muscle than Caucasians under the same 
condition, the cut offs of sarcopenia proposed by the international 
consensus of cancer cachexia may not be suitable for Asians. And 
when analyzing body composition, besides skeletal muscle area, fat 
distribution and quantity also deserve further attention, especially in 
Asians.
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