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Abstract

The practice of oncology has dramatically changed in the last decade with the introduction of molecular tumor profiling into routine tumor diag-
nostics and the extraordinary progress in immunotherapies. However, there remains an unmet need to explore personalized dosing strategies
that take into account the patient's sex and gender to optimize the balance between efficacy and toxicity for each individual patient. In this
mini-review, we summarize the evidence on sex and gender differences in toxicity of anticancer therapies and present data on dose reduction
and dose discontinuation rates for selected chemotherapies and targeted therapies. Finally, we propose the investigation of body composition

(specifically fat-free muscle mass) as a viable approach for personalized treatment dosage.
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Abbreviations: 5-FU, 5-fluorouracil; ADR, adverse drug reaction; AE, adverse event; BSA, body surface area; FFM, fat-free body mass; MTD, maximum tolerable

dose; TKI, tyrosine kinase inhibitor.

In the last decade, the practice of oncology has profoundly
changed with the introduction of molecular tumor profiling in
routine tumor diagnostics and the extraordinary progress in
immunotherapies. Yet, largely missing in treatment decisions
is the integration of a patient’s sex and gender as a critical
modulator of their cancer risk and potential treatment out-
comes. Despite the significant progress in treatment options
for most cancer types, there remains an unmet need to ex-
plore personalized dosing strategies that take into account the
patient’s sex and gender to subsequently optimize the balance
between efficacy and toxicity for each individual patient.

In this mini-review, we discuss the evidence pertaining to
observed sex differences in the toxicity of anticancer ther-
apies, present data on dose reduction and dose discontinu-
ation rates for selected drugs, and propose the investigation
of body composition—based drug dosing as a viable approach
to personalize cytotoxic agents and targeted therapies. To ob-
tain information for this mini-review, we performed a litera-
ture search on PubMed in January 2022 using the terms “sex
differences,” “gender,” “cancer,” and “drug toxicity” and also
manually searched the reference lists of several publications
of interest.

2 <«

Sex vs Gender

The terms “sex” and “gender” are often used interchangeably
in scientific literature (1), although this can be misleading as

there are important distinctions between the terms. Sex refers
to a person as female and male based on their biological fea-
tures assigned by their gonads and sex chromosomes. As such,
sex-related differences are the result of the interplay between
genetic, hormonal, and physiological traits. Gender, on the
other hand, is based on a person’s cultural self-identification
as a woman or man and also encapsulates how that person
may be perceived by society given their presentation (1).
Gender-based differences arise in part from environmental
factors related to the sociocultural roles of women and men.
Often these biological and environmental factors are entan-
gled and interact with each other. In this mini-review, we
use the terms “female,” “woman,” and “women” to refer to
people who were assigned female sex at birth and socially
self-identify as women. Likewise, we use the terms “male,”
“man,” and “men” to refer to people who were assigned male
sex at birth and socially self-identify as men. We acknowledge
that there are likely important gender-based differences in
anticancer treatment toxicity among transgender people that
should be further examined in future work as it is beyond the
scope of this mini-review.

Women Have a Higher Risk of Experiencing
Adverse Drug Reactions

A patient’s sex is a key modulator of drug responses (2, 3),
which is expected given the important biological differences
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between women and men that can affect many aspects of treat-
ment. Multiple analyses from different countries have shown
that women have a 1.5- to 2-fold greater risk for developing
adverse drug reactions (ADRs) across all drug classes and are
significantly more likely to be hospitalized because of ADRs
than men (4, 5). This increased ADR risk among women may
be related to the fact that many Phase I and Phase II clinical
drug trials are conducted predominately among men (6, 7)
and the optimal drug dosings that are subsequently derived
from these trials are likely not generalizable to women. These
underexamined sex differences in drug dosing can have ser-
ious implications. Of the 10 drugs withdrawn from the US
market between 1997 and 2000, 80% were found to repre-
sent a greater health risk for women than for men and 37%
of the FDA-approved drugs between 2000 and 2002 were
found to have sex differences in pharmacokinetics, efficacy,
or adverse events (AE) (8). However, no recommendation on
sex-based dose adaptation was made (9), possibly based on
the erroneous assumption that these differences are not clin-
ically relevant.

Various sex- (biological) and gender-related (psychosocial
and societal) factors might contribute to the disproportionately
higher ADR susceptibility among women than men. These
include sex differences in pharmacokinetics and pharmaco-
dynamics, gut microbiota composition (10, 11), sex-specific
organizational (early life) and activational (peripubertal
through adulthood) endogenous sex hormone exposure, sex
differences in exogenous sex hormone supplementation (eg,
oral contraceptives, menopausal hormone replacement ther-
apies), higher rates of polypharmacy in women with a conse-
quently greater risk of potential drug—-drug interactions, and
gender differences in the reporting or recall of ADRs (with
women being more frequent reporters) (12). Importantly, sex
differences in pharmacokinetics predict ADR across multiple
classes of drugs, including antineoplastic agents (5).

Women present significantly higher blood drug concentra-
tions and longer drug elimination times than men when admin-
istered the same drug dose. This is possibly related to the greater
plasma volume, organ perfusion, and the approximately 10%
higher body fat in women (13). Given the binding of drugs to
erythrocytes, the lower hematocrit levels in women might also
contribute to this excess drug toxicity (14). Sex differences in
the expression levels of drug-metabolizing enzymes resulting
from genetic polymorphisms (eg, cytochrome P450 isoforms;
“pharmacogenetics”) may also play a role (15). While data on
differential expression of various CYP450 isoforms provide
either conflicting results or do not indicate moderation by sex;
the isoform CYP3A (which accounts for the metabolism of
about 50% of drugs) has been reported to have a 25% higher
activity in women (16). In contrast, the expression levels of the
drug efflux pump P-gp encoded by the MDR1 gene are higher
in men and might partially explain the lower toxicity rate ob-
served in men (17). Indeed, sex steroids were found to regulate
P-gp expression and increase drug absorption through blocking
of P-gp activity in the small intestine of rats (18). A comprehen-
sive review of sex differences in pharmacokinetics and pharma-
codynamics can be found in (3).

Several pharmacokinetic analyses have found that women
have a lower elimination capacity for various anticancer drugs,
including cytotoxic agents (ie, paclitaxel (19), 5-fluorouracil
[5-FU] (20), doxorubicin (21)), tyrosine kinase inhibitors (ie,
imatinib (22), sunitinib (23)), and monoclonal antibodies
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(ie, bevacizumab (24) and rituximab (25)), which results in
higher plasma levels (Table 1). There are significant sex differ-
ences in renal function (which is taken into account in renal
function calculators (48, 49)), with men having an average of
20% greater renal function than women (50). Despite these
well documented sex-related differences, most analyses of
anticancer drug elimination and distribution do not even in-
clude sex as a covariate. In a literature survey of 256 popu-
lation studies on anticancer agents, only 80 reported that sex
was included as a covariate in the analytic models (51).

Flat Doses and Doses Based on Body Surface
Area Hamper Personalized Anticancer
Treatment

A recent study of over 23 000 patients (38 % women) in Phase
IT and IIT clinical trials found that female sex was associated
with a higher risk of experiencing toxicity from anticancer
therapies (52). Unger and colleagues analyzed individual pa-
tient data from 202 Phase II and III clinical trials testing sys-
temic anticancer therapies and severe treatment-related AEs.
Their findings indicated that women had 34% greater risk
of severe toxicity than men (odds ratio [95% CI] 1.34 [1.27-
1.42], P <.001). Moreover, this increased odds of AEs among
women persisted across treatment type (chemotherapies, tar-
geted therapies, immunotherapies), AE type (symptomatic
or hematological), and treatment setting (advanced vs ad-
juvant) (52). Although it is possible that some of these AEs
may be due to social gender differences in the reporting of
symptomatic AEs, the higher odds of objective hematological
toxicity clearly point to the presence of biological sex differ-
ences in pharmacokinetics and/or pharmacodynamics which
modulate the patient’s sensitivity toward adverse effects. The
sex-specific toxicities likely result from both increased drug
exposure through hormonal regulation of proteins involved
in drug metabolism and via the direct effect of sex hormones
on the drug target (13). Given the lack of a systematic col-
lection of information on menopause status, the dose and
type of hormonal contraception and the measurement of sex
hormone levels in clinical trials, the magnitude of the hor-
monal effects remains unknown.

In addition, the individual genetic background/ethnicity
as well as differences in gut microbiota diversity and com-
position and diet also potentially contribute to the observed
sex differences (53). In fact, microbiome profiling in age- and
diet-matched individuals indicates that the microbiota com-
position can be affected by gender in a body mass—dependent
manner (54). Yet, given the complexity of the crosstalk be-
tween immune responses, microbiome, and sex hormones,
dissecting the individual contribution of each of these factors
is challenging (11).

Despite the abovementioned sex differences and the basic
paradigm of clinical pharmacology that drug effects are gen-
erated from the circulating concentration profile of a drug
rather than directly by the dose itself, dosage recommenda-
tions for anticancer drugs are not sex specific and most agents
are administered either as flat doses (eg, tyrosine kinase in-
hibitors and some antibodies) or according to body weight
(eg, some antibodies such as bevacizumab and ipilimumab)
or body surface area (BSA; eg, cytotoxic agents). The recom-
mended chemotherapy doses are meant to represent the dos-
ages with the best therapeutic window showing the highest
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efficacy at the maximum tolerable dose (MTD). However,
drug dose has been demonstrated to have a positive cor-
relation with drug-related toxicity in Phase I trials (53).
This phenomenon may be occurring given that the recom-
mended anticancer drug dosages are often developed from
clinical trial data among predominately male study popu-
lations and may have limited generalizability. Considering
that women are consistently underrepresented in all phases
of drug testing in clinical trials (6, 7), the MTD may actually
be lower in women. As such, the administration of current
standard doses may lead to increased blood drug concentra-
tions and toxicity in women. Indeed, higher toxicity rates
for most of the commonly applied cytotoxic agents have
been reported among women than among men (Table 1).
In addition, there is an increasing population of old, obese,
or underweight cancer patients who are often undertreated
because of arbitrary reductions of the calculated doses based
on body weight or BSA and the use of an idealized body
weight or capping of the total dose, although it was shown
that BSA-based dosing is safe for obese patients (56, 57).
However, obese patients can be sarcopenic and at risk of ex-
cess toxicity. Until the impact of sarcopenia and other meas-
ures of body composition on optimal antineoplastic dosing
has been addressed, clinical guidelines recommend using
the full, approved doses of anticancer treatments for obese
adults with cancer (58, 59).

Interestingly, although obesity is a risk factor for cancer and
treatment toxicity, recent analyses suggest that some degree
of obesity (body mass index >30 kg/m?) might be protective,
with obese cancer patients showing better responses to treat-
ment than lean patients, in particular for immune checkpoint
inhibitors and targeted therapies (60, 61). This phenomenon
is termed the “obesity paradox” and has been reported for
different cancer types. Visceral adipose tissue is in fact con-
sidered an endocrine organ, responsible for secreting various
factors which regulate innate and adaptive immunity, hem-
atopoiesis, and angiogenesis (62).

Calculations based on BSA do not provide an accurate
optimal therapeutic window for both sexes because this ap-
proach does not take into account sex differences in body
composition and pharmacokinetics. As a comparison of 25
BSA formulas has shown, the BSA value may differ by 0.5 m?
depending on the formula used for the calculation (63).
Additionally, the Du Bois and Du Bois formula for the BSA
calculation was developed solely from the data derived from
9 male individuals (64) and may be a less effective measure-
ment tool among females. Similarly, according to 3 BSA bands
(ie, 1.7 m?, 1.7-1.9 m?, 1.9 m?) the dosing of the cytotoxic
drugs cisplatin, docetaxel, paclitaxel, doxorubicin, irinotecan,
and topotecan yielded comparable target area of the curve
values as dosing according to the calculated individual BSA,
highlighting the inexactitude of the BSA method (65).

Alternative chemotherapy dosing strategies have been
studied (ie, dose-dense regimens and toxicity- or response-
guided regimens) and are successfully incorporated in the
management of hematological malignancies (66, 67). In con-
trast, pharmacokinetically guided dose adaptation (thera-
peutic drug monitoring) or genotyping for drug-metabolizing
enzymes with known genetic polymorphisms have not been
adopted for routine clinical use. This is due to several factors,
most importantly due to the lack of an established therapeutic
range for the majority of cytotoxic drugs, the scarcity of gen-
etic studies characterizing the expression of specific enzyme
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variants, and the insufficient progress that has been made in
investigating the factors responsible for sex-related pharma-
cokinetic differences (68).

Compared with cytotoxic agents, the impact of sex on
the type, frequency, and severity of the toxicity from tyro-
sine kinase inhibitors (TKIs) is largely unknown for many
recently approved targeted therapies (69). Depending on the
targeted signaling pathway (eg, EGFR, ALK, VEGFR, BRAF),
TKIs show highly variable dose reduction (4-70%) and dis-
continuation rates for toxicity (6-24%, Table 2). According
to a meta-analysis of Phase I trials of TKIs, treatment with
intermediate doses (40-80% of the MTD) is associated with
better survival than lower or higher doses (81). For instance,
subgroup analysis by age in the METEOR trial investigating
the TKI cabozantinib in renal cell carcinoma showed that pa-
tients aged 65-74 years and 75 years or older had an average
daily median dose of 41 mg and 33 mg, respectively, com-
pared with the recommended standard dose of 60 mg daily.
However, their response rate (21% vs 19%, respectively) was
very similar to that of the total trial population receiving
cabozantinib (17%) (82).

Fat-free Muscle Mass Could Become a Novel
Parameter for Drug Dosing in Oncology

The high toxicity rate of anticancer treatments has a negative
impact on the quality of life of cancer patients, and strategies
to diminish AEs without affecting efficacy need to be ex-
plored. One possible strategy to decrease toxicity rates could
be personalized dosing according to the body composition of
the patient.

Drug metabolism is affected by body composition, spe-
cifically the metabolically active fat-free body mass (FFM).
A single abdominal computed tomography scan without
contrast enhancement of the L3-L4 region is sufficient to
measure the FFM and body composition in an individual
patient, as it shows a strong correlation with whole body
adipose tissue, muscle, and lean tissue mass (83). The FFM
is significantly higher in men; in a man and a woman of
equal weight and height, the FFM accounts for 80% and
65% of the man’s and woman’s body mass, respectively
(84). The FFM also decreases with increasing age (85),
highlighting potentially significant differences in drug me-
tabolism by age (younger vs older patients) in addition to
sex (male vs female patients).

In a meta-analysis of 28 studies including over 6000 metastatic
renal cell carcinoma patients, low muscle mass was associated
with a significantly higher toxicity rate of the TKIs sunitinib and
sorafenib and a higher mortality rate (86). In a retrospective ana-
lysis of 107 children, a higher skeletal muscle density at diagnosis
was associated with lower odds of severe hematological toxicity
of chemotherapies (87). Also, a prospective trial with 60 colon
cancer patients receiving adjuvant 5-FU treatment found that
20 mg 5-FU/kg lean body mass was the threshold for developing
overall toxicity, which shows the potential utility of body com-
position as a dosing parameter (88). Given this evidence, dosing
of chemotherapies and targeted therapies based on the FFM
would take into consideration important patient characteristics,
such as sex, age, and body composition. This proposed approach
to anticancer drug dosages could lead to a valuable improvement
in the quality of life of cancer patients, including protecting them
from unnecessary toxicity without compromising the efficacy of
their treatment.
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Conclusions

Compared with the progress made in drug development, the
optimization of drug dosing lags significantly behind in the
field of oncology. Given the different body composition of
women and men, the administration of recommended drug
doses established from studies with predominantly male
populations may lead to increased blood drug concentra-
tions and toxicity in female patients. In the era of precision
medicine, a patient’s biological sex and gender needs to be
taken into account for treatment decisions. As such, the rep-
resentation of women needs to be increased in clinical trials,
and trials should be designed to allow meaningful subgroup
analysis by sex for both drug response and drug toxicity.
Prospective studies testing the dosing of cytotoxic agents and
targeted therapies according to the FFM could represent a vi-
able alternative to the current BSA-based or fixed dosing, and
significantly improve the balance between the toxicity and ef-
ficacy of anticancer therapies.

Disclosures

C.L.G. and C.E.D.S. declared to have nothing to disclose
B.C.O. declared receiving institutional honoraria for lectures
and advisory boards from BMS, MSD, Merck, Ipsen, Roche,
Novartis, and Pfizer and a contribution to registration fees for
conferences from Janssen.

Data Availability Statement
Not applicable.

References

1. King BM. Point: a call for proper usage of “gender” and “sex” in
biomedical publications. Am | Physiol Regul Integr Comp Physiol.
2010;298:R1700-R1701.

2. Schmetzer O, Florcken A. Sex differences in the drug therapy for
oncologic diseases. Handb Exp Pharmacol. 2012;41:1-442.

3. Soldin OP, Mattison DR. Sex differences in pharmacokinetics and
pharmacodynamics. Clin Pharmacokinet. 2009;48:143-157.

4. Rademaker M. Do women have more adverse drug reactions? Am
J Clin Dermatol. 2001;2:349-351.

5. Zucker I, Prendergast BJ. Sex differences in pharmacokinetics pre-
dict adverse drug reactions in women. Biol Sex Differ. 2020;11:32.

6. Jenei K, Meyers DE, Prasad V. The inclusion of women in global
oncology drug trials over the past 20 years. JAMA Ouncol.
2021;7:1569-1570.

7. Steinberg JR, Turner BE, Weeks BT, et al. Analysis of female enroll-
ment and participant sex by burden of disease in US clinical trials
between 2000 and 2020. JAMA Netw Open 2021;4:¢2113749.

8. Drug safety: most drugs withdrawn in recent years had greater
health risks for women. 2001. Accessed Feb 14, 2022. http://www.
gao.gov/new.items/d01286r.pdf

9. YangY, Carlin AS, Faustino PJ, et al. Participation of women in clin-
ical trials for new drugs approved by the food and drug administra-
tion in 2000-2002. ] Womens Health (Larchmt) 2009;18:303-310.

10. Garrett WS. Cancer and the microbiota. Science 2015;348:80-86.

11. Wagner AD, Ozdemir B, Csajka C. Reply to L. Pala et al. | Clin
Oncol. 2019;37:439-440.

12. Watson S, Caster O, Rochon PA, den Ruijter H. Reported adverse
drug reactions in women and men: aggregated evidence from
globally collected individual case reports during half a century.
EClinicalMedicine 2019;17:100188.

13. Nicolson TJ, Mellor HR, Roberts RR. Gender differences in drug
toxicity. Trends Pharmacol Sci. 2010;31:108-114.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Endocrinology, 2022, Vol. 163, No. 6

Schrijvers D. Role of red blood cells in pharmacokinetics of
chemotherapeutic agents. Clin Pharmacokinet. 2003;42:779-791.
Maliepaard M, Nofziger C, Papaluca M, et al. Pharmacogenetics
in the evaluation of new drugs: a multiregional regulatory perspec-
tive. Nat Rev Drug Discov. 2013;12:103-115.

Hunt CM, Westerkam WR, Stave GM. Effect of age and gender
on the activity of human hepatic CYP3A. Biochem Pharmacol.
1992;44:275-283.

Meibohm B, Beierle I, Derendorf H. How important are
gender differences in pharmacokinetics? Clin Pharmacokinet.
2002;41:329-342.

Nakayama A, Eguchi O, Hatakeyama M, Saitoh H, Takada M.
Different absorption behaviors among steroid hormones due to
possible interaction with P-glycoprotein in the rat small intestine.
Biol Pharm Bull. 1999;22:535-538.

Joerger M, Huitema AD, van den Bongard DH, Schellens JH,
Beijnen JH. Quantitative effect of gender, age, liver func-
tion, and body size on the population pharmacokinetics of
paclitaxel in patients with solid tumors. Clin Cancer Res.
2006;12:2150-2157.

Gusella M, Crepaldi G, Barile C, et al. Pharmacokinetic and demo-
graphic markers of 5-fluorouracil toxicity in 181 patients on adju-
vant therapy for colorectal cancer. Ann Oncol. 2006;17:1656-1660.
Dobbs NA, Twelves CJ, Gillies H, James CA, Harper PG,
Rubens RD. Gender affects doxorubicin pharmacokinetics in
patients with normal liver biochemistry. Cancer Chemother
Pharmacol. 1995;36:473-476.

Gotta V, Bouchet S, Widmer N, et al. Large-scale imatinib dose-
concentration-effect study in CML patients under routine care
conditions. Leuk Res. 2014;38:764-772.

Houk BE, Bello CL, Kang D, Amantea M. A population pharma-
cokinetic meta-analysis of sunitinib malate (SU11248) and its pri-
mary metabolite (SU12662) in healthy volunteers and oncology
patients. Clin Cancer Res. 2009;15:2497-2506.

Lu JE, Bruno R, Eppler S, Novotny W, Lum B, Gaudreault J. Clinical
pharmacokinetics of bevacizumab in patients with solid tumors.
Cancer Chemother Pharmacol. 2008;62:779-786.

Pfreundschuh M, Poeschel V, Zeynalova S, et al. Optimization of
rituximab for the treatment of diffuse large B-cell lymphoma (II):
extended rituximab exposure time in the SMARTE-R-CHOP-14
trial of the German high-grade non-Hodgkin lymphoma study
group. | Clin Oncol. 2014;32:4127-4133.

Milano G, Etienne MC, Cassuto-Viguier E, e al. Influence of sex and
age on fluorouracil clearance. | Clin Oncol. 1992;10:1171-1175.
Stein BN, Petrelli NJ, Douglass HO, Driscoll DL, Arcangeli G,
Meropol NJ. Age and sex are independent predictors of
S-fluorouracil toxicity. Analysis of a large scale phase III trial.
Cancer 1995;75:11-17.

Sloan JA, Goldberg RM, Sargent D], et al. Women experience
greater toxicity with fluorouracil-based chemotherapy for colo-
rectal cancer. | Clin Oncol. 2002;20:1491-1498.

Cristina V, Mahachie J, Mauer M, et al. Association of patient sex
with chemotherapy-related toxic effects: a retrospective analysis
of the PETACC-3 trial conducted by the EORTC gastrointestinal
group. JAMA Oncol. 2018;4:1003-1006.

Wagner AD, Grothey A, Andre T, et al. Sex and adverse events of ad-
juvant chemotherapy in colon cancer: an analysis of 34 640 patients
in the ACCENT database. | Nat#l Cancer Inst. 2021;113:400-407.
Wagner AD, Rakez M, Chibaudel B, ez al. Sex differences in efficacy
and toxicity of first-line treatment of metastatic colorectal cancer
(CRC): an analysis of 18,399 patients in the ARCAD database. |
Clin Oncol. 2020;38(15 Suppl):4029-4029.

Kim J, Ji E, Jung K, ez al. Gender differences in patients with met-
astatic pancreatic cancer who received FOLFIRINOX. | Pers Med
2021;11.

Marmorino E Rossini D, Lonardi S, et al. Impact of age and gender
on the safety and efficacy of chemotherapy plus bevacizumab
in metastatic colorectal cancer: a pooled analysis of TRIBE and
TRIBE2 studies. Ann Oncol. 2019;30:1969-1977.

€202 Jaquieoa(] g uo Jasn anbijgnd glues us uoneuswnaod o anua) Aq 9259/69/8502ebq/9/c91 /8101e/0pUs/ W02 dno-olWwapeoe//:sdny WoJl papeojumoq


http://www.gao.gov/new.items/d01286r.pdf
http://www.gao.gov/new.items/d01286r.pdf

Endocrinology, 2022, Vol. 163, No. 6

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

S3.

54.

Yamada Y, Muro K, Takahashi K, et al. Impact of sex and histology
on the therapeutic effects of fluoropyrimidines and oxaliplatin plus
bevacizumab for patients with metastatic colorectal cancer in the
SOFT trial. Glob Health Med. 2020;2:240-246.

Fox R, Wagner AD, Stubbs C, Primrose JN, Bridgewater JA. Impact
of sex on toxicity and outcome in the BILCAP study. ] Clin Oncol.
2020336(15 Suppl).

Yamamoto H, Sekine I, Yamada K, ez al. Gender differences in treatment
outcomes among patients with non-small cell lung cancer given a com-
bination of carboplatin and paclitaxel. Oncology 2008;75:169-174.
Yamada Y, Koizumi W, Nishikawa K, et al. Sex differences in the
safety of S-1 plus oxaliplatin and S-1 plus cisplatin for patients
with metastatic gastric cancer. Cancer Sci. 2019;110:2875-2883.
Liaw CC, Wang CH, Chang HK, et al. Gender discrepancy observed
between chemotherapy-induced emesis and hiccups. Support Care
Cancer. 2001;9:435-441.

Davidson M, Wagner AD, Kouvelakis K, et al. Influence of sex
on chemotherapy efficacy and toxicity in oesophagogastric
cancer: a pooled analysis of four randomised trials. Eur | Cancer.
2019;121:40-47.

Wakelee HA, Wang W, Schiller JH, et al; Eastern Cooperative
Oncology Group. Survival differences by sex for patients with
advanced non-small cell lung cancer on Eastern Cooperative
Oncology Group trial 1594. ] Thorac Oncol. 2006;1:441-446.
Lipshultz SE, Lipsitz SR, Mone SM, et al. Female sex and higher
drug dose as risk factors for late cardiotoxic effects of doxorubicin
therapy for childhood cancer. N Engl | Med. 1995;332:1738-1743.
Krischer JP, Epstein S, Cuthbertson DD, Goorin AM, Epstein ML,
Lipshultz SE. Clinical cardiotoxicity following anthracycline treat-
ment for childhood cancer: the Pediatric Oncology Group experi-
ence. | Clin Oncol. 1997;15:1544-1552.

Silber JH, Jakacki RI, Larsen RL, Goldwein JW, Barber G.
Increased risk of cardiac dysfunction after anthracyclines in girls.
Med Pediatr Oncol. 1993;21:477-479.

Meiners B, Shenoy C, Zordoky BN. Clinical and preclinical evidence
of sex-related differences in anthracycline-induced cardiotoxicity.
Biol Sex Differ. 2018;9:38.

Heinrich K, Modest DP, Ricard I, et al. Gender-dependent survival
benefit from first-line irinotecan in metastatic colorectal cancer.
Subgroup analysis of a phase III trial (XELAVIRI-study, AIO-
KRK-0110). Eur | Cancer. 2021;147:128-139.

Yang W, Warrington NM, Taylor SJ, ez al. Sex differences in GBM
revealed by analysis of patient imaging, transcriptome, and survival
data. Sci Transl Med. 2019;11.

Jea L. Sex differences in glioblastoma patient survival as a function
of extent of surgical resection and cycles of adjuvant temozolomide
during standard-of-care regimens. Newuro-Oncology 2020;22(Suppl
2):11144-11145S.

Cockcroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron 1976;16:31-41.

Inker LA, Schmid CH, Tighiouart H, et al. Estimating glomerular
filtration rate from serum creatinine and cystatin C. N Engl | Med.
2012;367:20-29.

Schwartz JB. The current state of knowledge on age, sex, and
their interactions on clinical pharmacology. Clin Pharmacol Ther.
2007;82:87-96.

Wagner AD, Oertelt-Prigione S, Adjei A, et al. Gender medicine
and oncology: report and consensus of an ESMO workshop. Ann
Oncol. 2019;30(12):1914-1924.

Unger JM, Vaidya R, Albain KS, et al. Sex differences in risk of se-
vere adverse events in patients receiving immunotherapy, targeted
therapy, or chemotherapy in cancer clinical trials. | Clin Oncol.
2022;40(13):1474-1486.

Garcia-Gonzalez AP, Ritter AD, Shrestha S, Andersen EC,
Yilmaz LS, Walhout A. Bacterial metabolism affects the C. elegans
response to cancer chemotherapeutics. Cell 2017;169:431-441.¢8.
Haro C, Rangel-Zuniga OA, Alcala-Diaz JF, ez al. Intestinal mi-
crobiota is influenced by gender and body mass index. PLoS One.
2016;11:e0154090.

5S.

S6.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Eaton A, Iasonos A, Gounder MM, et al. Toxicity attribution in
phase I trials: evaluating the effect of dose on the frequency of re-
lated and unrelated toxicities. Clin Cancer Res. 2016;22:553-559.
Field KM, Kosmider S, Jefford M, et al. Chemotherapy dosing
strategies in the obese, elderly, and thin patient: results of a nation-
wide survey. ] Oncol Pract. 2008;4:108-113.

Hourdequin KC, Schpero WL, McKenna DR, Piazik BL, Larson R].
Toxic effect of chemotherapy dosing using actual body weight
in obese versus normal-weight patients: a systematic review and
meta-analysis. Ann Oncol. 2013;24:2952-2962.

Griggs JJ, Bohlke K, Balaban EP, er al. Appropriate systemic therapy
dosing for obese adult patients with cancer: ASCO guideline up-
date. | Clin Oncol. 2021;39:2037-2048.

Silvestris N, Argentiero A, Natalicchio A, et al. Antineoplastic
dosing in overweight and obese cancer patients: an Associazione
Italiana  Oncologia Medica (AIOM)/Associazione Medici
Diabetologi (AMD)/Societa Italiana Endocrinologia (SIE)/Societa
Italiana Farmacologia (SIF) multidisciplinary consensus position
paper. ESMO Open 2021;6:100153.

Wang Z, Aguilar EG, Luna JI, et al. Paradoxical effects of obesity
on T cell function during tumor progression and PD-1 checkpoint
blockade. Nat Med. 2019;25:141-151.

McQuade JL, Daniel CR, Hess KR, et al. Association of body-mass
index and outcomes in patients with metastatic melanoma treated
with targeted therapy, immunotherapy, or chemotherapy: a retro-
spective, multicohort analysis. Lancet Oncol. 2018;19:310-322.
Assumpcao JAF, Pasquarelli-do-Nascimento G, Duarte MSV,
Bonamino MH, Magalhaes KG. The ambiguous role of obesity in
oncology by promoting cancer but boosting antitumor immuno-
therapy. | Biomed Sci. 2022;29:12.

Redlarski G, Palkowski A, Krawczuk M. Body surface area
formulae: an alarming ambiguity. Sci Rep. 2016;6:27966.

Shuter B, Aslani A. Body surface area: Du Bois and Du Bois
revisited. Eur | Appl Physiol. 2000;82:250-254.

Chatelut E, White-Koning ML, Mathijssen RH, Puisset F
Baker SD, Sparreboom A. Dose banding as an alternative to body
surface area-based dosing of chemotherapeutic agents. Br | Cancer.
2012;107:1100-1106.

Wilson WH, Grossbard ML, Pittaluga S, et al. Dose-adjusted EPOCH
chemotherapy for untreated large B-cell lymphomas: a pharmacody-
namic approach with high efficacy. Blood 2002;99:2685-2693.
Johnson P, Longley J. Should response-adapted therapy now be the
standard of care for advanced Hodgkin’s lymphoma? Curr Treat
Options Oncol. 2017;18:15.

Bardin C, Veal G, Paci A, et al. Therapeutic drug monitoring in
cancer--are we missing a trick? Eur | Cancer. 2014;50:2005-2009.
Ozdemir BC, Coukos G, Wagner AD. Immune related adverse events
of immune checkpoint inhibitors and the impact of sex — what we
know and what we need to learn. Ann Oncol. 2017;29(4):1067.
Peters S, Camidge DR, Shaw AT, er al. Alectinib versus crizotinib in
untreated ALK-positive non-small-cell lung cancer. N Engl | Med.
2017;377:829-838.

Long GV, Stroyakovskiy D, Gogas H, et al. Combined BRAF and
MEK inhibition versus BRAF inhibition alone in melanoma. N
Engl ] Med. 2014;371:1877-1888.

Dummer R, Ascierto PA, Gogas HJ, et al. Encorafenib plus
binimetinib versus vemurafenib or encorafenib in patients with
BRAF-mutant melanoma (COLUMBUS): a multicentre, open-
label, randomised phase 3 trial. Lancet Oncol. 2018;19:603-615.
Sequist LV, Yang JC, Yamamoto N, ez al. Phase Il study of afatinib or
cisplatin plus pemetrexed in patients with metastatic lung adenocar-
cinoma with EGFR mutations. | Clin Oncol. 2013;31:3327-3334.
Rosell R, Carcereny E, Gervais R, et al; Spanish Lung Cancer Group
in collaboration with Groupe Francais de Pneumo-Cancérologie
and Associazione Italiana Oncologia Toracica. Erlotinib versus
standard chemotherapy as first-line treatment for European
patients with advanced EGFR mutation-positive non-small-cell
lung cancer (EURTAC): a multicentre, open-label, randomised
phase 3 trial. Lancet Oncol. 2012;13:239-246.

€202 Jaquieoa(] g uo Jasn anbijgnd glues us uoneuswnaod o anua) Aq 9259/69/8502ebq/9/c91 /8101e/0pUs/ W02 dno-olWwapeoe//:sdny WoJl papeojumoq



75.

76.

77.

78.

79.

80.

81.

82.

Soria JC, Ohe Y, Vansteenkiste J, et al; FLAURA Investigators.
Osimertinib in untreated EGFR-mutated advanced non-small-cell
lung cancer. N Engl | Med. 2018;378:113-125.

Schlumberger M, Tahara M, Wirth L]. Lenvatinib in radioiodine-
refractory thyroid cancer. N Engl ] Med. 2015;372:1868.

Motzer R], Hutson TE, Cella D, et al. Pazopanib versus sunitinib in
metastatic renal-cell carcinoma. N Engl | Med. 2013;369:722-731.
Choueiri TK, Escudier B, Powles T, et al. Cabozantinib versus
everolimus in advanced renal-cell carcinoma. N Engl | Med.
2015;373:1814-1823.

de Bono J,Mateo ], Fizazi K, et al. Olaparib for metastatic castration-
resistant prostate cancer. N Engl ] Med. 2020;382:2091-2102.
Penson RT, Valencia RV, Cibula D, ezal. Olaparib versus nonplatinum
chemotherapy in patients with platinum-sensitive relapsed ovarian
cancer and a germline BRCA1/2 mutation (SOLO3): a randomized
phase I trial. J Clin Oncol. 2020; 38:1164-1174

Moreno Garcia V, Olmos D, Gomez-Roca C, et al. Dose-
response relationship in phase i clinical trials: a European Drug
Development Network (EDDN) Collaboration Study. Clin Cancer
Res. 2014;20:5663-5671.

Donskov E Motzer R], Voog E, et al. Outcomes based on age in
the phase IIl METEOR trial of cabozantinib versus everolimus

83.

84.

85.

86.

87.

88.

Endocrinology, 2022, Vol. 163, No. 6

in patients with advanced renal cell carcinoma. Eur | Cancer.
2020;126:1-10.

Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar L],
Baracos VE. A practical and precise approach to quantification of body
composition in cancer patients using computed tomography images ac-
quired during routine care. Appl Physiol Nutr Metab. 2008;33:997-1006.
Janmahasatian S, Duffull SB, Ash S, Ward LC, Byrne NM,
Green B. Quantification of lean bodyweight. Clin Pharmacokinet.
2005;44:1051-1065.

Kyle UG, Genton L, Hans D, Karsegard L, Slosman DO, Pichard C.
Age-related differences in fat-free mass, skeletal muscle, body cell
mass and fat mass between 18 and 94 years. Eur | Clin Nutr.
2001;55:663-672.

Vrieling A, Kampman E, Knijnenburg NC, et al. Body composition
in relation to clinical outcomes in renal cell cancer: a systematic
review and meta-analysis. Eur Urol Focus. 2018;4:420-434.
Wadhwa A, Adams KM, Dai C, et al. Association between body
composition and chemotherapy-related toxicity in children with
lymphoma and rhabdomyosarcoma. Cancer 2022;128:1302-1311.
Prado CM, Baracos VE, McCargar L], et al. Body composition as
an independent determinant of S-fluorouracil-based chemotherapy
toxicity. Clin Cancer Res. 2007;13:3264-3268.

€202 Jaquieoa(] g uo Jasn anbijgnd glues us uoneuswnaod o anua) Aq 9259/69/8502ebq/9/c91 /8101e/0pUs/ W02 dno-olWwapeoe//:sdny WoJl papeojumoq



	Sex vs Gender
	Women Have a Higher Risk of Experiencing Adverse Drug Reactions
	Flat Doses and Doses Based on Body Surface Area Hamper Personalized Anticancer Treatment
	Fat-free Muscle Mass Could Become a Novel Parameter for Drug Dosing in Oncology
	Conclusions

