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Abstract

Background Pharmacological treatment of malignant tumors in obese patients has been reported from several per-
spectives. Physiological changes may affect the kinetics of anticancer drugs (e.g., lipophilicity, distribution volume, and
metabolism), consequently affecting their efficacy and safety profile. However, specific guidelines for antineoplastic
agent dose adjustment according to body weight, mainly due to the under-representation of obese patients in clinical
trials, are currently lacking. Moreover, considering that certain tumor development is associated with obesity, the clini-
cal management of obese patients is often complex. We herein report the antitumor treatment options of three obese
patients with malignant tumors and review relevant literature to analyze the dosage of antitumor drugs in this setting.
This study aims to provide additional data for the clinical treatment of obese patients with malignant tumors.

Case presentation In Case 1, carboplatin was administered at a fixed dose, mainly because of neurotoxicity risk. A maxi-
mum creatinine clearance rate (glomerular filtration rate) of 125 mL/min is recommended to prevent carboplatin over-
dose and toxicity. The maximum carboplatin dose was calculated using the following formula: maximum dose =area
under the curve (AUC) x (125 + 25). Methotrexate dose was calculated based on the actual body weight of Cases 2 and 3.
While receiving methotrexate, the blood drug concentration was within the reference range (24-h reference concentra-
tion <10 umol/L), and no serious adverse reactions occurred. As seen in the three cases, considering the particularity of
some drugs, for example, more than 90% of carboplatin is excreted through the kidney, carboplatin should be admin-
istered at a fixed dose, while other chemotherapy drugs can be administered according to the actual body weight as
much as possible according to the patient’s condition.

Conclusions The toxicity of chemotherapy has traditionally been assessed based on the actual body weight of obese and
non-obese patients. In clinical practice, overweight and obese cancer patients often receive reduced doses of chemo-
therapy drugs. According to the guidelines set by the American Society of Clinical Oncology, the positive association
between the use of chemotherapy and treatment-related toxicity in obese patients lacks evidence. After comprehensive
consideration of complications, chemotherapy dose should be determined based on the body surface area(BSA) calcu-
lated based on actual body weight, rather than estimated or idealized body weight.
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1 Introduction

A 2017 global adult weight survey published by Lancet showed that nearly 90 million individuals in China are obese [1].
Epidemiological studies have linked obesity to increased cancer incidence and mortality [2, 3]. During antitumor treat-
ment, the drug dosage is traditionally determined based on the body surface area (BSA) of the patient. Pathological and
physiological changes in obese patients can cause various changes in drug metabolism, such as insufficient tissue perfu-
sion and decreased blood flow due to decreased ventricular function; these alterations may affect the distribution and
clearance of drugs [4, 5]. Currently, two methods are commonly used to calculate the appropriate dose of chemotherapy
in overweight individuals: (1) limiting the BSA to 2m? and (2) using the ideal weight rather than the actual weight [6].

Retrospective clinical data showed that the current conventional chemotherapy regimen for malignant tumors is often
not applicable to obese patients. Evidence from clinical practice shows that up to 40% of obese patients are treated with
a limited dose that is not based on actual weight [7]. However, two retrospective studies demonstrated that the toxicity
of full-dose chemotherapy is not increased in obese patients [8, 9]. By contrast, empirical evidence indicates that dose
reduction in obese patients limits the efficacy, increases the recurrence rate, and leads to a poor prognosis. There are
individual differences in liver and kidney functions between obese and non-obese patients. At present, there are few
reports on the treatment and management of obese patients. Therefore, we discuss the case data of three obese patients
with malignant tumors treated in our hospital and also reviewed related literature. The objective was to provide a refer-
ence for the clinical treatment of obese patients.

2 Case presentation
2.1 Casel

A 31-year-old male patient. In August 2019, the patient was found to have small pulmonary nodules by computed
tomography (CT). The patient reported no obvious discomfort at that time, and no special treatment was adminis-
tered. On March 23, 2020, CT of the lung performed in another hospital showed nodular shadow slightly enlarged in
the posterior basal segment of the right lower lung, Therefore, the patient was hospitalized. On March 26, 2020, the
patient underwent thoracoscopic resection of the right lower lung nodule plus radical resection of the right lower lung
tumor under general anesthesia. During the operation, frozen tissue sections showed invasive adenocarcinoma in the
right lung. The lesion invaded the visceral pleura and no lymph node metastasis or intravascular tumor thrombus was
observed. Immunohistochemistry: P53 (-), P63 (weak +), Syn (=), CgA (=), TTF-1 (+), Naps in A (+), ki-67 (+, 3-5%). On
April 30, 2020, positron emission tomography/CT findings showed no abnormal hypermetabolism in the right lung,
pleural effusion in the right side, and pleural calcification in the bottom of the lung and pleural thickening in the right
part of the mediastinum and interlobar space. Positron emission tomography/CT imaging of the rest of the body and
brain did not show any abnormality.

On May 8, 2020, the patient was diagnosed with invasive adenocarcinoma of the lung (approximately 90% acinar type)
with mucinous adenocarcinoma (approximately 10%); notably, a definite vascular tumor thrombus was not found, and
the visceral pleura was invaded. On May 11, 2020, and June 8, 2020, the patient received two cycles of postoperative
adjuvant chemotherapy with the pemetrexed disodium injection 1.2 g+ carboplatin 800 mg. On June 30, 2020, and July
22,2020, the injection dosage of carboplatin was increased to 900 mg for two cycles. The patient did not have a history of
hypertension, diabetes, coronary heart disease, other operations, or blood transfusion. The patient received four cycles
of chemotherapy, which was completed without other complaints of discomfort.

2.2 Case?2

A 35-year-old male patient (weight: 105 kg; height: 175 cm) was hospitalized on October 31, 2020, mainly due to weak-
ness in his right limbs lasting longer than half a month. He was diagnosed with a space-occupying lesion in the left basal
ganglia. The patient underwent stereotactic needle biopsy on November 4, 2020. Postoperative pathology revealed
non-Hodgkin's B-cell lymphoma and a high-grade, large B-cell lymphoma with consideration of the primary center. From
November 26, 2020, to May 11, 2021, the patient received nine cycles of chemotherapy with methotrexate 6.5 g (dose 1
[Day1(D1)]) + temozolomide 1,500 mg (D1-D5) capsules. On January 27, 2021; February 9, 2021; and March 10, 2021, the
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24-h blood concentration of methotrexate administration was 0.95, 1.2, and 1.3 umol/L, respectively. On May 10, 2021,
head magnetic resonance imaging contrast-enhanced (MRI contrast-enhanced) examination showed that the tumor in
the left basal ganglia had further shrunk, and efficacy evaluation indicated partial response.

2.3 Case3

A 58-year-old male patient (height: 170 cm; weight: 87 kg) was admitted to the hospital on March 11, 2021, mainly due to
numbness of the left lower limb lasting for T month, weakness of the left lower limb lasting for 2 weeks, and weakness of
the left upper limb lasting for 10 days. Following admission, magnetic resonance imaging (MRI) of the head showed that
the right parietal lobe was occupied with rich blood supply, accompanied by peripheral edema and lymphoma. The find-
ings suggested perfusion scanning; lacunar infarction of the left cerebellar hemisphere; mild white matter degeneration;
there was no sign of stenosis on head magnetic resonance angiogram imaging, and the left transverse sinus was thin.
On March 19, 2021, stereotactic biopsy was performed on the right parietal space-occupying lesion under basic anes-
thesia. The results of the immunohistochemical analysis showed the following findings: cluster of differentiation (CD)3
(-),CD20 (+),CD21 (=), CD30 (-), Ki67 (number of positive cells: 50%), CD38 (+/-), kappa (+), lambda (-), monoclonal,
CD10 (-), B-cell ymphoma-2 (Bcl-2) (+), Bcl-6 (+), CD56 (-), MUM1 (+), and C-myc (10% positive). The results of in situ
hybridization showed Epstein-Barr virus-encoded small ribonucleicacid (RNA) (-). Immunohistochemistry showed dif-
fuse large B-cell lymphoma of the primary central nervous system. From March 30, 2021, to October 5, 2021, the patient
received 10 cycles of chemotherapy with methotrexate 3.0 g/m2 (D1) plus temozolomide capsule 150 mg/m2 (D2-6).
On April 23, 2021; July 6, 2021; August 5, 2021; November 29, 2021; and December 27, 2021, the plasma concentration
of methotrexate was 4.9, 4.46, 6.8, 4.0, and 8.0 umol/L, respectively. On November 27,2021, repeated head MRI showed
that the abnormal enhancement of the right parietal lobe was slightly larger than that recorded on September 1, 2021.
Assessment of the treatment efficacy through imaging indicated stable disease.

3 Literature review

We searched the MEDLINE database (through PubMed) using the keywords “Body Mass Index” (MeSH Terms), or “Body
Surface Area” (MeSH terms), and “agents, antineoplastic” (MeSH terms) or “cancer chemotherapy protocol” (MeSH terms)
and “Obesity” (MeSH terms). The literature was searched up to December 2023. All included studies involved obese
patients with solid tumors who received chemotherapy, studies focusing on systematic evaluation, and economic evalu-
ation were not included in this analysis.

4 Results

In adults, overweight and obesity are determined by the body mass index (BMI). Adults with a BMI in the range of 25-29.9,
30-39.9, and > 40 kg/m? (or > 35 kg/m? with other comorbidities) are considered overweight, obese, and morbidly obese,
respectively.

The Rational Chemotherapy Dose for Adult Obese Cancer Patients suggests that only certain specific drugs (e.g.,
carboplatin and bleomycin) had to be administered at a fixed dose, mainly due to the neurotoxicity risk [10]. To prevent
carboplatin overdose and toxicity, both the US Food and Drug Administration and National Comprehensive Cancer
Network guidelines recommend setting a maximum creatinine clearance rate (glomerular filtration rate) of 125 mL/
min. Hence, the maximum carboplatin dose was calculated as follows: maximum dose =setting area under the curve
(AUC) % (125 +25). When the AUC was set to 4-6, the maximum dose was 600-900 mg.

According to the formula for the calculation of the BMI=weight (kg)/height (m)?, the BMI for Case 1 (weight: 123 kg;
height 185 cm) was 36.2 kg/mz; hence, this patient was obese. As the liver and kidney functions were normal, AUC=6 is
set, and the maximum carboplatin dose is 900 mg. There was no occurrence of adverse reactions during chemotherapy.

Case 2 (body weight: 105 kg; height: 175 cm; BMI: 35 kg/m?) received treatment with 6.5 g of methotrexate according
to the actual BSA. The reference range of 24-h methotrexate concentration was < 10 pmol/L. The blood drug concentra-
tion was within the reference range, and serious adverse reactions did not occur during chemotherapy. The evaluation
of efficacy indicated partial response.
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Case 3 (height: 170 cm; weight: 87 kg; BMI: 30.1 kg/m?) was treated with 6 g of methotrexate according to the actual
BSA. The 24-h reference concentration of methotrexate was <10 pumol/L. The blood drug concentration in the patient
during chemotherapy was within the reference range, and serious adverse reactions did not occur. The evaluation of
efficacy indicated stable disease. The diagnosis, treatment, and outcome of the three patients are shown in Fig. 1. In
Table 1, the data of dose adjustment for obese patients with malignant tumors were collated according to the different
chemotherapy regimens used.

5 Discussion
5.1 Treatment effect

Obesity has evolved into a serious global public health problem due to the growing prevalence rate. BMI is a commonly
used international standard to measure the degree of obesity and health. An increase in the BMI is associated with some
metabolic diseases and an increased risk of developing breast, colon, prostate, endometrial, kidney, and gallbladder
cancers [11, 12]. Moreover, obesity affects the pharmacokinetics of antitumor drugs in vivo. Thus, standardization of
chemotherapy dosage has become a clinical challenge [13]. In fact, at least eight different methods are available for esti-
mating the weight of obese patients [14]. In this study, we did not focus on targeted drugs and immunotherapy drugs,
mainly because a recent meta-analysis demonstrated no effect of BMI on OS or PFS in patients receiving immunotherapy
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Fig. 1 Timeline of diagnosis, treatment, and regression. A Case 1. B Case 2. C Case 3. CT computed tomography, D1 dose 1, MRl magnetic
resonance imaging, PR partial response, SD stable disease
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or chemoimmunotherapy, and because the relationship between the effect of targeted therapy and obesity differed
according to cancer type and stage of the same cancer [15, 16]; however, obesity was significantly associated with
improved overall survival (OS) in patients receiving chemotherapy, but progression-free survival (PFS) was not reached.
The association between BMI and OS in patients receiving chemotherapy varied by gender, with an inverse association
in men and no association in women [17].

5.2 Specific calculation method for obese patients

There are differences between treatments for the same cancer, which may be attributed to hormone levels, treatment
modalities, BMI cutoff point values, and other mechanisms that need to be further explored [11]. To obtain the optimal
drug dose and maximum therapeutic effect for the dose of chemotherapeutic drugs in obese cancer patients, it is rec-
ommended to select the appropriate drug and dose according to the individualization of patients. After reviewing the
literature in this article, several calculation methods are available for obese patients: (1) dose based on BSA: The dose
of the most commonly used chemotherapeutic drugs used in clinical practice is calculated using the BSA method, in
which the body weight is divided into total body weight (TBW), that is, actual body weight, ideal body weight (IBW), and
adjusted body weight (ABW). According to the characteristics of water solubility or lipid solubility of drugs, different body
weights are selected to calculate BSA. Because water-soluble chemotherapeutic drugs are difficult to enter the adipose
tissue, if TBW is used to calculate the administered dose, the apparent volume of distribution is easily overestimated,
which will lead to a large drug dose. ABW is usually used to calculate the administered dose as ABW =IBW +0.4 (TBW-
IBW); fat-soluble chemotherapeutic drugs are more reasonable to calculate the loading dose using TBW due to their
strong ability to enter the adipose tissue. Most chemotherapy doses were adjusted based on TBW. (2) fixed dose: based
on considerations of neurotoxicity, toxic drugs can be selected according to a fixed dose. For example, the maximum dose
of vincristine is limited to 2.0 mg in CHOP (cyclophosphamide, Adriamycin, vincristine, prednisone) or CVP (cyclophos-
phamide, vincristine, prednisone) chemotherapy regimen. (3) dose based on area under the plasma concentration-time
curve (AUC): dose (mg) =set AUC (mg.min/mL) x [creatinine clearance (mL/min)+25], as carboplatin. In this study, the
dose of carboplatin administered to obese patients in the chemotherapy regimen of Case 1 was calculated based on AUC
and maximum creatinine clearance of 125 mL/min, considering that carboplatin is mainly excreted by the kidney, and its
renal clearance directly affects AUC. Therefore, renal clearance of carboplatin can be controlled indirectly by controlling
AUC, thereby optimizing its toxicity and efficacy. Methotrexate, the chemotherapy regimen in Case 2 and Case 3 was a
water-soluble drug, the administered dose was calculated according to TBW in Case 2, and the administered dose was
calculated according to ABW in Case 3, and the plasma concentrations in Case 2 and Case 3 were within the reference
range, no serious adverse reactions occurred during chemotherapy, and the efficacy evaluation showed partial remission
and stability. As shown in Case 2 and Case 3, BSA was calculated according to ABW and TBW, and the plasma concentra-
tions were within the therapeutic window; hence, our findings concluded that BSA could be calculated by ABW and TBW.

5.3 Pharmacokinetics in obese patients

Obesity-induced pathophysiological changes in the body can affect the in vivo process of drugs, leading to individual
differences in the effect of chemotherapy and medication risk. Obesity increases cardiac output and blood volume and
alters local blood flow, thereby affecting the peak plasma concentration, clearance, and elimination half-life of numerous
drugs. Additionally, obesity increases the volume of distribution (Vd) of relatively lipophilic drugs; nevertheless, it does
not affect the Vd of non-lipophilic drugs. Drug clearance is typically higher in obese individuals than in those with normal
weight, and this is largely controlled by the physiological functions of the liver and kidneys. Moreover, obesity affects
hepatic metabolic pathways in different ways. Hepatic metabolism is only slightly enhanced in some obese patients,
while it is significantly enhanced in others. However, these changes vary between drugs, and the mechanisms involved
in this process are partly understood. For example, obesity increases cytochrome (CYP2E1) activity. However, studies on
the effects of obesity on other isoenzymes have reported inconsistent findings. The half-life of the drug is directly influ-
enced by the Vd and is inversely related to clearance; importantly, both Vd and clearance vary in obese patients. With the
prolonged infusion of highly fat-soluble drugs, the drug half-life and duration of action may be significantly prolonged
after cessation of infusion due to an increased Vd. Therefore, obesity affects the pharmacokinetics of chemotherapeutic
drugs and changes the blood flow in the region, thus affecting the distribution and clearance of drugs and consequently
affecting the drug exposure of patients. Chemotherapy dose intensity and extension of the chemotherapy interval may
cause tumor cells to reduce the uptake of chemotherapeutic drugs, resulting in drug resistance, tumor cell, hence, the
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therapeutic effect is unsatisfactory. Studies have shown some differences in the elimination of chemotherapeutic agents
between IBW and obese patients. During the development of chemotherapy regimens, dose reduction or dose intensity
from standard doses affects DFS and OS in cancer patients [18-20]. Therefore, obese cancer patients should develop
chemotherapy regimens based on ABW. Changes in body composition and physiological parameters vary with the degree
of obesity and may be influenced by comorbidities commonly associated with obesity, such as diabetes, hypertension,
cardiovascular disease, fatty liver disease, or other etiologies. The effect of obesity on pharmacokinetics is shown in Fig. 2.

Obesity is a high-risk factor for many malignancies and associated with worse prognosis in certain types of cancer. In
contrast, a higher BMl is also associated with improved prognosis in some cancer types. For example, in patients with
metastatic melanoma, obesity is associated with a significant improvement in prognosis [21]. Additionally, studies have
revealed a particularly strong association between obesity and hematological malignancies. Similar to the majority of
studies on adult patients with acute myeloid leukemia, we did not find any effect of obesity on overall toxicity. Further-
more, consistent with previous evidence, obesity did not affect the response to induction therapy and OS, although
approximately 60% of obese patients received upper-dose chemotherapy [22]. Fat can be used as a protective factor to
improve the tolerance of patients receiving chemotherapy; however, it can induce resistance to chemotherapy drugs
in tumor cells. Accumulating evidence suggests that the decrease in muscle content is related to the poor prognosis of
patients receiving chemotherapy [23-25]. However, BMI and BSA cannot completely reflect the proportion of muscle
content and fat content, and the selection of chemotherapy dose and the evaluation of patient prognosis are inaccu-
rate. Therefore, a growing number of studies are investigating the skeletal muscle index (skeletal muscle area/height?)
as a criterion for the selection of chemotherapy dosage and assessment of patient outcomes. The relationship among
changes in the skeletal muscle index before and after chemotherapy, treatment adjustment, and chemotherapy toxicity
has become a future research direction.

5.4 Adverse reactions in obese patients

Numerous chemotherapeutic drugs are characterized by the relatively poor lipid solubility and, therefore, are poorly dis-
tributed in the adipose tissue. Fat accounts for a larger proportion of the total weight in obese patients versus those with
normal weight. Therefore, obese patients may theoretically receive relatively excessive amounts of fat-soluble chemo-
therapy drugs. This study presents the results of a retrospective study on the influence of obesity and chemotherapy
dose, suggesting that the results are contradictory. The GAIN study demonstrated that patients with breast cancer in
whom the dose of chemotherapy was not reduced were at a higher risk of experiencing adverse reactions compared
with those who underwent dose reduction [26]. In addition, in several studies, the incidence of agranulocytosis with
fever in the upper dose limit group of obese patients was lower than that recorded in other groups [27]. In contrast,
four retrospective studies showed that a precise chemotherapy dose did not lead to a higher risk of toxicity [28]. In this
population, conflicting data were also reported for progression-free survival and overall survival. Similar contradictory
results were observed in two retrospective studies of patients with acute myeloid leukemia [28]. However, in line with
the findings of previous studies, we found that chemotherapy doses calculated based on ABW for most patients with
malignancies were not associated with a higher risk of toxicity, except for breast cancer, where studies have reported
a higher incidence of severe toxicity [26, 30] and that lower doses may affect progression-free survival in patients with
advanced cancer [31-50].
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Retrospective studies have traditionally evaluated the toxicity of chemotherapy according to the actual weight of
obese patients and non-obese patients. In clinical practice, the dosage of chemotherapy drugs for overweight and obese
patients with cancer is typically reduced. According to the guidelines established by the American Society of Clinical
Oncology, there is no evidence indicating that the use of chemotherapy in obese patients is positively correlated with
treatment-related toxicity.

After comprehensive consideration of complications, the chemotherapy dose should be determined according to the
BSA calculated based on the actual weight, rather than the estimated or idealized weight. Although further studies are
needed, pharmacokinetic studies support the use of actual weight to calculate the dose of most chemotherapy drugs
in obese patients [29]. This study presented case data from three obese patients with malignant tumors treated at our
hospital and reviewed related literature, with the goal of providing clinical guidance for treating obese cancer patients.
Therefore, for drug treatment in obese cancer patients, clinicians and clinical pharmacists should provide personalized
medical services suitable for obese patients according to the drug characteristics, combined with the individual condi-
tions of obese patients, underlying diseases, in terms of chemotherapy treatment regimen selection, dose adjustment,
and administration methods, to improve the survival rate of patients.
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