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Abstract Background It is not unusual to find obese and

cachectic patients in the hematology oncology setting.

However, information on dosage in these groups is scarce.

Objective The objectives of our study were to explore the

dosing strategies applied in the treatment of obese and

cachectic cancer patients and to determine whether these

strategies are applied in clinical trials. Setting Members of

the Spanish Group for the Development of Hematology–

Oncology Pharmacy (GEDEFO). Methods We invited all

cancer hospital pharmacists to participate in a survey. Main

outcome measure Descriptive statistics of the dosing

strategies approaches. Results We invited 159 eligible

hospitals to participate, and 38 responded to the survey. A

total of 50 surveys were received: different strategies were

applied by different physicians from the same hospital and

by hematology and oncology departments. Body mass

index was used to define obesity and cachexia in 40 and

30 % of the cases, respectively. Capping the body surface

area (BSA) was the approach most commonly followed

(64.1 %) in obese patients, whereas no specific approach

was adopted in cachectic patients. In hematology patients,

the BSA calculation was based on ideal body weight or

adjusted body weight in 16.0 % of cases (n = 2) and

50.0 % of cases (n = 6), respectively; in oncology

patients, use of adjusted or ideal body weight was negli-

gible. Actual body weight was the main approach in obese

patients (35 surveys) and cachectic patients (48 surveys).

Creatinine clearance was assessed mainly using the

Cockcroft and Gault equation (around 76.0 % of respon-

ses). As for clinical trials, 64.1 % of the respondents

(n = 25 hospitals) considered the criteria from each clini-

cal trial individually. Conclusions Dose adjustments are

more frequent in obese patients than in cachectic patients.

In cancer oncology patients, dose is adjusted mainly by

hematology and hematopoietic cell transplant teams. Cap-

ping BSA is the most frequent strategy, followed by cal-

culating actual body weight.
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Impact of findings on practice

• Although body mass index (BMI) is well known to

define obesity or cachexia, is not routinely evaluated

before chemotherapy dosing.

• Chemotherapy dosing among obese patients is more

probably adjusted when compared to cachectic patients.

This may lead to overdosing or underdosing patients on

chemotherapy and enhancing toxicity or decreasing

survival rates.

• It is important to ensure training and consensus among

the professionals caring for hematology–oncology

On behalf of The Spanish Group for the Development of

Hematology–Oncology Pharmacy (GEDEFO).
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patients in Spain in order to achieve the optimal clinical

outcomes in obese and cachectic patients.

Introduction

In recent years, the frequency of obesity has increased

globally in developing countries. In 2008, 1 in every three

adults in the world was overweight and one in every nine

was obese [1]. In the United States, overweight and obesity

were reported to affect 65 and 30 % of the population,

respectively [2]. In contrast, about 50 % of cancer patients

develop cachexia, the prevalence of which is higher in

patients with tumors of the gastrointestinal tract and lung

[3].

In this setting, standardization of chemotherapy dosing

in obese and cachectic patients is becoming increasingly

important, as this population is usually excluded from

clinical trials. Recently, the most current guidelines of the

American Society of Clinical Oncology (ASCO) on

appropriate chemotherapy dosing for obese adult patients

with cancer recommend chemotherapy dosing based on full

weight [4]. However, practice pattern surveys have dem-

onstrated that chemotherapy doses in obese patients are

frequently insufficient, even at the start of the treatment

[5–7], and that this could lead to a decrease in survival

rates [7]. Information on chemotherapy dosing in low-

weight patients is scarce.

Aim of the study

The objectives of this study were to explore the pre-

scription patterns and approaches applied in obese and

cachectic patients in Spanish cancer hospitals and to

determine whether these strategies are also applied in

clinical trials.

Ethical approval

According to the Spanish law, no ethical approval was

required for this study.

Methods

In May 2012, we invited all cancer hospital pharmacists

who were members of the Spanish Group for the Devel-

opment of Hematology–Oncology Pharmacy (GEDEFO) to

participate in our survey. The survey was anonymous, and

each completed survey received was assigned an identifi-

cation number.

Survey design

The survey was an independent, pharmacist-driven project

designed by two hospital pharmacists. An evaluation was

undertaken by the members of the Steering Committee of

GEDEFO to ensure that all relevant aspects of the survey

were correctly presented and understood. Modifications

were made based on the feedback (Electronic Supple-

mentary Material 1).

The survey was divided into five sections:

• Section 1: demographic data for the hospitals [number

of beds, private or public practice, and scope (general,

cancer, or regional)] and the daily activity of the

oncology department (availability of oncology, hema-

tology, and bone marrow transplantation services,

number of intravenous cytostatic drugs prepared per

month, and number of ongoing clinical trials in

oncology–hematology per year).

• Section 2: general considerations in chemotherapy

dosing, namely, method used to calculate renal func-

tion, adjusted body weight, and body surface area

(BSA) and whether dose adjustments were made in

amputees.

• Sections 3 and 4 asked for the following issues in obese

and cachectic patients respectively: use of BMI to

determine obesity or cachexia, BMI cutoffs, weight

used to calculate adjusted body weight, calculation of

creatinine clearance (CrCl), specific cutoff for BSA, or

limitations of CrCl in the Calvert formula. Furthermore,

pharmacists were asked whether the same criteria were

used for hydrophilic and lipophilic drugs and for

patients receiving curative and palliative treatment.

• Section 5: determination of whether dosing in obese

and cachectic patients in clinical trials followed the

same criteria as in general practice or whether the

different criteria established in each clinical trial were

taken into consideration.

Each question had 3–5 options and some questions had an

‘‘other’’ option to enable a free text response to be drafted if

none of the answers were applicable for the pharmacist. A

hospital could have filled out more than one survey if dif-

ferent strategies were carried out by the oncology, hema-

tology, and bone marrow transplant (BMT) teams or if

strategies varied between physicians in the same hospital.

Statistical methods

The results were analyzed using descriptive statistics and

expressed as the median and range.
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Results

Demographic characteristics

Of the 159 hospitals invited to participate, 38 returned 50

surveys (response rate of 23.8 %). One survey was con-

sidered ineligible because it was from a pediatric hospital.

Demographic characteristics are summarized in Table 1.

Chemotherapy dosing: general considerations

Creatinine clearance was estimated during each cycle of

therapy in 22 hospitals (57.9 %), while in nine hospitals

(23.7 %) it was only estimated in the case of a variation in

the serum creatinine value. Adjusted body weight was not

calculated in 17 hospitals (44.7 %), and, where it was

calculated (31.6 %), different methods were used (James,

Hume, Bauer and Winter, and Devine methods), while nine

hospitals did not respond. The most frequently used

method to calculate BSA was the Dubois–Dubois method

(71.1 %, n = 27), followed by the Mosteller formula in

23.7 % (n = 9). In approximately half of the hospitals

(44.7 %), amputations were taken into consideration when

BSA was calculated.

The results of the survey (50 responses) were analyzed by

dividing the responses into three groups: (1) surveys where

the oncologic/hematologic/BMT strategies were the same

(20 responses from 20 hospitals, OHT group); (2) surveys

taking into account only hematologic and BMT strategies

(12 surveys from 6 hospitals, HT group); (3) surveys taking

into account only oncologic dosing strategies (18 surveys

from 18 hospitals, O group). Different strategies were used

by different physicians in the OHT group.

Chemotherapy dosing in obese patients

Definition of obese patient

In 40.0 % (n = 20) of the surveys, BMI was used to

determine whether a patient was obese, the most frequent

cutoff being [30–32.9 (15 responses). In 46.0 % of the

surveys (n = 23), BMI was not taken into consideration for

the adjusted body weight calculation. However, the BMI

from which the adjusted body weight was calculated dif-

fered between the groups: for the OHT and O groups, the

cutoff was C35 (3 and 2 surveys, respectively), while in the

HT group the cutoff was[30 (4 surveys). The nonresponse

rate was 28.0 % (n = 14).

BSA-based chemotherapy dosing

BSA was capped at 2–2.2 m2 in 14 responses (70.0 %) in

the OHT group, 6 responses (50.0 %) in the HT group, and

Table 1 Demographic characteristics

Number of beds (n)

B99 1

100–199 6

200–499 18

C500 13

Functional dependency (n)

Public health system 30

Other public services

(e.g., administration, prison)

4

Private health system 2

Public–private health system 2

Scope of hospitals (n)

General 33

Cancer 1

Regional 3

Others 1

Medical specialties (n)

Oncology 2

Hematology 0

Hematology–oncology 23

Hematology–oncology ?

bone marrow transplant

13

Number of chemotherapy treatments/year

[median (range)]

1,200 (120–6,550)

Number of ongoing clinical trials/year

[median (range)]

13 (0–150)

Number of respondents in different groups

(n surveys)

OHT 20

HT 12

O 18

BMT bone marrow transplantation, OHT surveys where oncology/

hematology/BMT strategies are the same, HT surveys where hema-

tology/BMT strategies are the same, O survey of oncology strategies

0% 20% 40% 60% 80% 100%

General O

Curative O 

Palliative O 

General HT

Curative HT

Palliative HT

General OHT

Curative OHT

Palliative OHT

Actual  BW

Adjusted  BW

Ideal BW 

No response 

Fig. 1 Body weight used to calculate BSA for general patients and in

palliative or curative treatments. BSA body surface area; OHT surveys

where oncology/hematology/BMT strategies are the same; HT

surveys where hematology/BMT strategies are the same; O survey

of oncology strategies; BW body weight
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13 responses (72.2 %) in the O group. In Fig. 1 shows the

different approaches used to calculate BSA for general

patients and in palliative or curative treatments. Pharma-

cists were asked if they used the same criteria for lipophilic

and hydrophilic drugs; 100 % replied that they did.

Body weight-based chemotherapy dosing

Maximum body weight was not taken into consideration in

90.0 % of the responses (n = 45). In the four cases (8 %)

where it was considered, the cutoff values were 100 kg

(one case) and 120 kg (three cases). Overall, use of actual

body weight was more frequent (Fig. 2). The same criteria

were taken into consideration for lipophilic and hydrophilic

drugs in 96.0 % of the respondents (n = 48).

Estimation of creatinine clearance in obese patients

The Cockcroft-Gault equation was used by 80.0 % of the

OHT group (n = 16), 41.7 % of the HT group (n = 5), and

88.9 % of the O group (n = 16). The modification of diet

in renal disease (MDRD) equation was used in 10.0 % of

the OHT group (n = 2) and 8.3 % of the HT group

(n = 1), and the 24-h urine collection method was used in

only 16.7 % of the HT group (n = 2). Actual body weight

was used by 84.0 % of the respondents (n = 42), followed

by adjusted body weight in 12 % (n = 6). Overall, only

16.0 % of the respondents capped the CrCl value: 120 mL/

min in one case, 125 mL/min in five cases, 150 mL/min in

one case, and 200 mL/min in one case.

Chemotherapy dosing in cachectic patients

Definition of cachectic patient

BMI was used to define cachexia by 30.0 % of the

respondents (n = 15), the most common cutoff being B16

in 18 responses (36.0 %), followed by 17–18 in 12 %

(n = 6), and 16–16.99 in 10 % (n = 5).

BSA-based chemotherapy dosing

Body surface area was calculated using actual body

weight in most cases: 95.0 % of the OHT group (n = 19),

100.0 % of the HT group (n = 12), and 94.4 % of the O

group (n = 17). BSA was not limited to a minimum

value in 100 % of the respondents (n = 50). The same

approach was used in palliative and curative treatment,

with an overall rate of 98.0 % (n = 49) and 96.0 %

(n = 48) (BSA was calculated using actual body weight).

The same criteria were used for hydrophilic and lipo-

philic drugs.

Body weight-based chemotherapy dosing

Body weight was not capped in 96 % of the respondents

(n = 48). In the two surveys that stated a minimum body

weight, the values were 30 and 40 kg. In all groups, body

weight–based chemotherapy dosing involved actual body

weight: 95.0 % for the OHT group (n = 19), 100 % for the

HT group (n = 12), and 94.4 % for the O group (n = 17).

Actual body weight was also used in all groups for curative

and palliative care, with an overall rate of 94.0 % (n = 47)

and 96.0 % (n = 48), respectively. The same criteria were

taken into consideration for hydrophilic and lipophilic

drugs.

Estimation of creatinine clearance in cachectic patients

Creatinine clearance was capped by 20 % of the respon-

dents (n = 10). Cutoff values were 120 mL/min (n = 2),

125 mL/min (n = 2), and 150 mL/min (n = 1). Serum

creatinine values were capped at 0.6 mg/dL (n = 2). No

response was given in three cases. The Calvert formula

was not used in three surveys. The method most com-

monly used to estimate CrCl was the Cockcroft and Gault

equation in 80.0 % of the OHT group (n = 16), 41.7 % of

the HT group (n = 5), and 83.3 % (n = 15) of the O

group. No body weight correction approach was applied at

the time of the CrCl calculation in 84.0 % (n = 42) of

cases.

Clinical trial dosing

Of the 39 hospitals that responded to the survey, 64.1 %

considered the criteria from each clinical trial individually

(n = 25), 15.4 % used clinical practice criteria (n = 6),

and 5.1 % used a mixed approach (clinical practice and

clinical trials) (n = 2). Six hospitals did not respond,

because they did not perform clinical trials.

0% 20% 40% 60% 80% 100%

General O

Curative O 

Palliative O 

General HT

Curative HT

Palliative HT

General OHT

Curative OHT

Palliative OHT

Actual BW 

Adjusted BW 

Ideal BW

No response

Fig. 2 Body weights used to calculate chemotherapy dosing. OHT

surveys where oncology/hematology/BMT strategies are the same;

HT surveys where hematology/BMT strategies are the same; O survey

of oncology strategies; BW body weight

592 Int J Clin Pharm (2014) 36:589–595

123



Discussion

Our survey, which was performed in several hospitals and

in different specialties, showed the wide variety of

approaches used to calculate chemotherapy dosing in

cachectic and obese patients. We provide the first overview

of practical dosing strategies in cachectic patients.

One of our more remarkable findings was the low per-

centage of respondents who used BMI to class a patient as

obese or cachectic (40 and 30 %, respectively). However,

most respondents agreed on the BMI cutoff value for

obesity ([30–32.9), but not for cachexia (B16, 36 %;

17–18, 12 %; 16–16.99, 10 %; no response, 42 %). Only

half of the hospitals calculated adjusted body weight, and

no consensus was observed in the method of calculation,

although no single method is considered superior to the

others [4]. These results were similar to those of a survey

including 52 BMT institutions where no single method was

used to calculate chemotherapy dosing in more than 30 %

of units [8]. The method most commonly used to calculate

BSA among the respondents was the Dubois and Dubois

formula (71.1 %).

Our results show that dose adjustments are more fre-

quent in obese patients than in cachectic patients. Routine

dose reductions in obese patients are not uncommon,

probably because of the fear of overdosing and toxicity in

this population. However, the most recent ASCO guide-

lines on appropriate chemotherapy dosing for obese adult

patients with cancer recommend full weight-based che-

motherapy doses to be used, particularly when the goal of

treatment is cure, although data supporting this strategy in

advanced disease remains limited [4]. Up to 40 % of obese

patients receive limited chemotherapy doses not based on

actual body weight [4]. The approach most frequently used

by the respondents to our survey was to cap BSA at

2–2.2 m2 instead of calculating adjusted body weight. This

observation correlates with the findings of an Australian

survey of 188 oncologists, where 50.8 % of the respon-

dents capped BSA at 2.0 m2, 22.1 % used ideal body

weight, and 6.1 % routinely used actual body weight [5]. In

contrast, the respondents to our survey tended to use

adjusted body weight more than ideal body weight. In both

cases patients were inappropriately underdosed, but the

impact on clinical outcomes would be less if adjusted body

weight is used rather than ideal body weight.

We were unable to find firm evidence of the unwill-

ingness to base the dose on full body weight and potential

increased toxicity. In a study involving 949 patients with

endometrial cancer, of whom 33.2 % were obese and

10.2 % were morbidly obese, those with a higher BMI had

less grade 3/4 toxicity than patients whose weight was

normal, although this difference disappeared for obese

patients receiving C95 % of the calculated dose [9]. In a

retrospective study of 96,672 women receiving adjuvant

chemotherapy for breast cancer, 37 % of the severely obese

women had a first-cycle dose reduction of 10 % or more,

compared with 20 % of obese women, 11 % of overweight

women, and 9 % of women with a healthy weight. Fur-

thermore, the likelihood of being admitted to hospital for

febrile neutropenia was lower in obese and severely obese

patients than in women with a healthy weight (OR 0.61,

0.83, and 1.0 respectively) [6]. In a retrospective trial

conducted in 4,856 patients with colorectal cancer, of

whom 45 % had normal weight, 37 % were overweight

and 18 % were obese; a significant association was found

between increasing weight and the proportion of dose

reduction (6 % for normal weight, 17 % for overweight,

and 55 % for obesity). No differences were found when

toxicity rates were compared between obese patients with

reduced doses and those with full doses (16 and 17 %,

respectively [10]). In another retrospective study, obese

patients receiving full weight-based adjuvant chemother-

apy dosing for breast cancer (cyclophosphamide, doxoru-

bicin, and fluorouracil) experienced no increase in grade

3/4 adverse events when compared with non-obese patients

[11]. In several studies, obesity was associated with a lower

incidence of severe toxicity, which in turn was probably

associated with dose capping, thus potentially contributing

to poorer survival outcomes [12–16], as also shown in the

recent review by Hourdequin et al. [17]. These results

indicate that a substantial percentage of patients may be

inappropriately underdosed. Our findings demonstrate a

greater tendency to use adjusted body weight or ideal body

weight in the HT group (50 %) than in the O and OHT

groups (30 %); furthermore, adjusted body weight is cal-

culated at lower BMI values in the HT group than in the

OHT and O groups ([30 and[35). These findings could be

due to the fact that the HT group includes patients under-

going bone marrow transplantation, which requires high

doses of chemotherapy. Therefore, a greater fear of over-

dosing and the pharmacokinetic changes resulting from

high-dose chemotherapy could explain the increase in dose

adjustments in this group. The pharmacokinetic changes

associated with high chemotherapy doses include the fol-

lowing: non-linear elimination kinetics when metabolism is

saturated or necessary substrates are depleted; alteration of

volume of distribution when protein binding is saturated

and drug clearance is modified; and increased volume of

distribution with lipophilic agents, as the drug will dis-

tribute into the adipose tissue, again leading to altered

clearance [18, 19]. However, given that data on the need

for dose adjustment and survival rates are inconsistent, no

firm conclusions can be drawn [18].

Another area of interest is chemotherapy dosing based

on BSA, where no differences were found between palli-

ative and curative care. However, in body weight-based

Int J Clin Pharm (2014) 36:589–595 593
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dosing in palliative care, use of adjusted body weight

increased by 20 and 11.2 % in the OHT and O groups,

respectively, compared with curative treatment. Different

preferences for chemotherapy dosing in specific popula-

tions have been shown elsewhere. In the Australian survey

[5], clinicians more frequently used actual body weight in

adjuvant therapy (84.5 %) than in the treatment of meta-

static disease (71 %) [5].

More homogeneous dosing methods were observed with

cachectic patients. Almost 100 % of respondents used

actual body weight, and no differences where found

between dosing for palliative treatment and dosing for

curative treatment. In contrast with obese patients, the

same approaches were used when chemotherapy dosing is

based on BSA or body weight. However, in this group,

BSA was not capped, and only two respondents reported

having limited body weight (to 30 and 40 kg). The lack of

data on chemotherapy dosing in patients with low BMI is

disturbing, given that 50 % of patients with cancer have or

will develop cachexia [3]. A retrospective study of 4,288

patients with colorectal cancer found that fewer chemo-

therapy courses were initiated in underweight patients than

in normal-weight patients and that underweight patients

were more likely than normal-weight patients to receive a

lower fluorouracil dose than planned [20]. In contrast, a

study including patients with colorectal cancer found that

no dose reductions were made in underweight patients,

although rates of grade 3–4 diarrhea, leukopenia, and

stomatitis were higher in underweight patients than in

normal-weight patients [12]. Furthermore, no association

was found between BMI and overall survival or progres-

sion-free survival in 1,067 patients with ovarian cancer of

whom 59 had a BMI \ 18. In this group, no differences

based on BMI were found in the dose intensity of taxane

agents and carboplatin [21]. Even though dosing data in

underweight patients are scarce, evidence supports that

using actual body weight for chemotherapy dosage is

appropriate.

Most of our respondents used the same approach for

lipophilic and hydrophilic drugs in both obese and

cachectic patients. This result is particularly interesting,

given that dosing restrictions are applied for some anti-

microbial drugs. However, few data from sufficiently

powered trials have been reported on the influence of

obesity, morbid obesity, and cachexia on the pharmaco-

kinetics of most anticancer drugs. The pharmacokinetics

of the same anticancer drugs may be altered in obese

patients, since most cytostatic agents are metabolized by

the liver, where accumulation of fat can alter hepatic

blood flow and thus affect clearance [18]. In addition,

lipophilic drugs can accumulate in the adipose tissue of

obese patients, leading to decreased relative hepatic and

renal blood flow and increased drug binding to plasma

proteins. However, obese and cachectic patients are

excluded from pharmacokinetic studies and from most

clinical trials. Therefore, in most manufacturer product

information dosing guidelines for these groups of patients

are not included, only finding in some cases the maxi-

mum dose tolerated. The results of retrospective analyses

and observational studies suggest that dose restrictions in

obese patients may lead to a decrease in disease-free

survival and overall survival rates, although data are

scarce in cachectic patients [14–16]. Since no validated

methods have been developed to correlate drug clearance

with the degree of obesity, changes in drug dosing

according to pharmacokinetic characteristics are not

currently recommended [4].

Only 16.0 and 20.0 % of the respondents capped CrCl in

obese and cachectic patients, respectively. Therefore, CrCl

was generally not limited in the Calvert formula, an

approach that could result in overdosing in obese patients.

According to the ASCO guidelines [4], the glomerular

filtration rate used in the Calvert formula should not exceed

125 mL/min [4]. However, the study by Eckart et al.

concluded that although lean body mass was the best

weight descriptor in underweight and normal-weight

patients and adjusted-ideal body weight was the best

weight descriptor for calculating CrCl in the Cockcroft–

Gault formula in overweight and obese patients, the cor-

relation with carboplatin clearance should be called into

question. The authors recommend administering a flat dose

of carboplatin in all categories in order to reduce this bias

[22].

As for chemotherapy dosing in obese and cachectic

patients in clinical trials, most respondents take into

account the specifications of each trial. Nowadays, elec-

tronic prescribing is mainly used to reduce prescription

and validation errors. Some electronic prescribing tech-

nologies may not meet the specific criteria of each clinical

trial, thus accounting for the fact that 21.1 % of the

respondents used the same approaches as in general

practice or a mixture between clinical trial criteria and

general practice.

The low response rate in our study (\25 %) could lead

to a potential bias in the results, since maybe only those

pharmacists who were more concerned about chemother-

apy dosing strategies in specific populations responded to

the survey. In addition, the survey did not ask whether

chemotherapy was prescribed using electronic prescribing

technologies, which usually have standard criteria for

capping BSA, or when adjusted body weight was calcu-

lated automatically. We surveyed chemotherapy dosing

practice, and it is possible that respondents indicated a

more conservative approach. Nevertheless, the survey was

anonymous to encourage participants to report actual

practice.
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Conclusion

Our study shows that dose adjustment is more frequent in

obese patients than in cachectic patients. Capping BSA is

the most common strategy, followed by calculating

adjusted body weight. Chemotherapy doses are more fre-

quently adjusted in obese patients by hematology and BMT

teams. It is important to ensure training and consensus

among the professionals caring for oncology–hematology

patients in Spain in order to achieve optimal clinical out-

comes in obese and cachectic patients. However, the dis-

crepancies recorded in our results indicate that further

studies and guidelines are needed in this setting due to the

potential impact on free survival.
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