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Body composition metrics as a
determinant of trastuzumab deruxtecan
related toxicity and response
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Body composition is an important predictor in cancer patients, with skeletal muscle loss and high
adiposity associated with poorer prognosis. This study evaluated how body composition affects
treatment efficacy in 48 women with metastatic breast cancer receiving trastuzumab deruxtecan.
Using computed tomography, skeletal muscle, visceral adipose tissue (VAT) and subcutaneous
adipose tissue (SAT) were assessed within 60 days before initiating treatment. High SAT and VAT
areaswere significantly associatedwith a higher likelihoodof dose reductions (OddsRatio [OR] = 5.34,
p = .032 and OR = 5.52, p = 0.032, respectively). Higher SAT areas correlated with a lower objective
response rate (OR = 0.22, p = 0.047).MediumSATand low/mediumVATdensities increased the risk of
dose reductions. A body mass index over 25 kg/m2 was linked to higher dose reductions (OR = 4.97,
p = 0.016). These findings emphasize the need for personalized treatment strategies based on body
composition.

Trastuzumab deruxtecan (T-DXd) is an innovative antibody-drug
conjugate (ADC) comprising the anti-HER2 antibody trastuzumab, a
cleavable linker, and the chemotherapy agent deruxtecan, an anti-
topoisomerase I payload1–3. In the pivotal Phase 3 Destiny-Breast03
(DB-03) trial, T-DXd was investigated versus trastuzumab emtansine
(TDM1) in patients with HER2 positive metastatic breast cancer
(MBC) in the 2nd line treatment setting, improving progression-free
survival (PFS) and overall survival (OS)4. Notably, T-DXd is admi-
nistered intravenously every 3 weeks at a dose of 5.4 mg per kilogram of
body weight, regardless of variables such as muscle mass and adiposity.
Regarding toxicity profile, severe adverse events (AEs) of grade 3−4
occurred in 56% of patients in the T-DXd group versus 52% in the
TDM1 group. The most common drug-related AEs of any grade in the
T-DXd group were nausea (72.8% of the patients), fatigue (44.7%), and
vomiting (44.0%); As for severe AEs, the most common side effects
were neutropenia (19.1%), thrombocytopenia (7.0%), leukopenia
(6.6%), and nausea (6.6%). Secondary interstitial lung disease (ILD)
appeared in 15% of cases under T-DXd.

Among patients with HER2-negative tumors, approximately 60% will
express HER2 at a low level, defined as an immunohistochemistry (IHC)
score of+1, or+2 with negative fluorescence in situ hybridization5. In the

phase 3 trial Destiny-Breast04, T-DXdwas tested in patients with advanced
HER2-low MBC, following prior chemotherapy treatment. The study
showed significant improvement in PFS and OS. Grade 3−4 AEs occurred
in 52.6% of T-DXd patients, with dose reductions in 22.6% and treatment
discontinuation due to toxicity in 16.2%6.

Body composition metrics (BCM) refer to the distribution and pro-
portion of various body tissues, including fat and muscle mass. Both
Magnetic resonance imaging (MRI) and computed tomography (CT) scans
offer high-resolution advanced imaging, allowing for precisemeasurements
of fat and lean tissue distribution, particularly in abdominal and visceral
regions7. Understanding body composition is crucial in predicting the
pharmacokinetics and pharmacodynamics of pharmacological agents.
Specifically, lipophilic (fat-soluble) drugs tend to be primarily distributed in
the adipose tissue. Deruxtecan, the cytotoxic payload of the drug, is a small
molecule with lipophilic properties. The lipophilic nature of T-DXd allows
for a significant bystander effect2. A higher percentage of body fat can
increase the volume of distribution for lipophilic drugs, whichmay result in
lower plasma concentrations and, potentially, reduced therapeutic efficacy.
Conversely, the increased fat reserve can also act as a drug reservoir, leading
to prolonged release of the drug, which could result in extended drug
exposure and increased toxicity.
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The exploration of body composition’s impact on drug toxicity and
efficacy is gaining attention, particularly in oncology, where treatment
regimens often lead to severe side effects;

Suboptimal BCM have been associated with poorer outcomes in
patientswithbreast cancer, including shorter survival andhigher toxicity8–11.
In a study investigating the correlation between BCM and the toxicity of
anthracyclines and taxanes in early-stage breast cancer (N = 151), it was
shown that patients with lower skeletal muscle index (SMI) developed
higher rates of grade 3−4 toxicity (RR, 1.29; P = 0.002)12 Moreover, a meta-
analysis from 38 studies involving a total of 7843 subjects showed that
patientswith SMIbelow the specified threshold had a significantlyworseOS
(HR 1.44, p < 0.001). The impact of low SMI on survival was consistent
across different types of tumors and stages of disease13.

While numerous studies have evaluated BCM in cancer patients
receiving chemotherapy, none have focused specifically on T-DXd. Our
study investigated the correlation between BCM and treatment outcomes,
including response rate and toxicity, in patients with MBC treated
with T-DXd.

Results and discussion
Patient characteristics and body composition
A total of forty-eight patients diagnosed with HER2-positive or low meta-
static breast cancer, treated with T-DXd at Tel Aviv Medical Center
(TAMC) between January 2020 andMarch 2024,met eligibility criteria and
were included in the analysis. Patient clinical characteristics, body compo-
sition measures, and toxicity outcomes are detailed in Table 1. The median
age was 62 years (interquartile range [IQR], 52-74). Sixty percent of the
women (n = 29) were treated with T-DXd in ≤ third line setting. Patients’
meanweight was 65.3 kg (standard deviation [SD] ±13.1).Mean bodymass
index (BMI) was 29.4 ± 7.5 kg/m2, and 62% of patients were considered
overweight or obese (BMI ≥ 25 kg/m2). CT-based body composition indices
were available and calculated for all includedpatients. Approximately three-
quarters of the patients were sarcopenic (SMI < 41 cm2/m2, n = 37).
HER2 status (positive/low) of the study population is presented in Table 1.

Among the study population, 24 patients (50%) experienced a dose
reduction of T-DXd and an equal number of patients (n = 24, 50.0%)
experienced a dose delay. Out of these 24 patients, 16 patients experienced a
single treatment adjustment due to toxicity, while the remaining 8 required a
second intervention indosageor treatment timing.Asmaller subsetofpatients
(10 patients, 20.8%) required hospitalization due to treatment-related toxicity.

Anemia was the most prevalent side effect, graded 2 and above,
affecting a quarter of the patients (12 patients), followed by neutropenia and
nausea, which were both experienced by 23% of the cohort. Three cases of
grade 4 neutropenia were observed, all of which led to febrile neutropenia
and hospitalization. Treatment discontinuation due to drug toxicity was
documented in 7 of the 48patients assessed (14.6%). SupplementaryTable 1
presents differences in patient characteristics, body composition measures,
and toxicity outcomes based on sarcopenia status.

Body composition and Toxicity
As presented in Table 2, high subcutaneous adipose tissue (SAT) area (cm2)
significantly increased the likelihood of dose reduction compared to Low
SAT area (Odds Ratio [OR] = 5.34, p = 0.032). Moreover, medium SAT
density (Hounsfield units [HU]), meaning hypodense fat, was also asso-
ciated with increased probability of a dose reduction compared with high
SAT density (OR = 7.75, p = 0.014). Additionally, high visceral adipose
tissue (VAT) area (cm2) showed significant impacts on the likelihood of
dose reduction compared toLowVATarea (OR= 5.52, p = 0.032). Both low
andmediumVAT density were significantly associated with increased dose
reduction rates (OR = 10.02, p = 0.007 and OR = 7.84, p = 0.015, respec-
tively). In addition, higher BMI, defined as 25 kg/m2 or above, significantly
increased the likelihood of dose reduction (OR= 4.97, p = 0.016). Muscle
measurements were not associated with toxicity. All analyses were

Table 1 | Patient characteristics, body composition measures
and toxicity outcomes

Variables N = 48

Age, median (IQR) years 62 (52-74)

Female, n (%) 48 (100)

HER-2 status, n (%)

Positive 37 (77)

Low 11 (23)

T-DXd treatment line, n (%)

≤3 29 (60)

≥4 19 (40)

T-DXd median treatment line (IQR) 3 (3−5)

Weight, mean ± SD, kg 65 ± 13

BMI, mean ± SD, kg/m2 29.4 ± 7.5

BMI category, n (%)

Healthy weight 18 (38)

Overweight 10 (20)

Obese 20 (42)

SMI, mean ± SD, cm2 /m2 37.4 ± 6

SMA, mean ± SD, cm2 98.6 ± 17.6

SMI < 41 cm2/m2, n (%) 37 (77)

AEs

Grade ≥2 AE, n (%) 27 (57.4)

Grade ≥3 AE, n (%) 10 (21.3)

Dose reduction, n (%) 24 (50)

Dose delay, n (%) 24 (50)

Hospitalizations due to drug, n (%) 10 (21)

IQR Interquartile Range, HER2 Human Epidermal growth factor Receptor 2, T-Dxd Trastuzumab
Deruxtecan, SD Standard Deviation; Plus–minus values are means ± SD, BMI Body Mass Index,
BMI-Healthy <25 kg/m2; overweight 25−30 kg/m2; obese ≥30 kg/m 2, SMI Skeletal Muscle Index,
SMA Skeletal Muscle Area cm 2, AEs Adverse Events.

Table 2 |Multivariate analysis of the association betweenbody
composition parameters and dose reduction

Measure Comparison OR 95% CI p-value

SMA cm2 Low vs High 0.41 0.09–1.88 0.252

Medium vs High 5.07* 1.06–21.80 0.041

SMA HU Low vs High 2.39 0.51–11.25 0.270

Medium vs High 1.04 0.25–4.29 0.958

SAT cm2 Low vs High 5.34* 1.15–24.39 0.032

Medium vs High 0.46 0.11–2.00 0.305

SAT HU Low vs High 4.39 0.93–20.60 0.061

Medium vs High 7.75* 1.52–39.42 0.014

VAT cm2 Low vs High 5.52* 1.16–26.31 0.032

Medium vs High 0.95 0.22–4.08 0.954

VAT HU Low vs High 10.02* 1.90–52.98 0.007

Medium vs High 7.84* 1.49–41.33 0.015

SMI < 41 cm2/m2 Yes 0.69 0.16–3.00 0.624

BMI kg/m2 Low vs High 4.97* 1.34–18.41 0.016

Multivariate analysis adjusted for patient age, line of Enhertu therapy, and comorbidities as
covariates. *p < 0.05, **p < 0.01.
OR Odds Ratio, CI Confidence Interval, SMA Skeletal Muscle Area, SAT Subcutaneous Adipose
Tissue, VAT Visceral Adipose Tissue, BMI Body Mass Index, HU Hounsfield Units.
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conducted using a multivariate logistic regression model, adjusting for
patient age, therapy line, and comorbidities as statistical control variables.

Body composition and treatment response
The analysis revealed a significant association between SAT area and
response rate, as detailed in Table 3; High SAT area significantly decreases
the likelihood of a favorable response (OR= 0.22, p = 0.047) compared to
low SAT. As in the dose reduction analysis, all analyses were conducted
using a multivariate logistic regression model, adjusting for patient age,
therapy line, and comorbidities as statistical control variables.

Additional analyses assessing the correlation between BCM and AEs,
as well as other indirect indicators of T-Dxd toxicity, have been performed
and are included as Supplementary Table 2. A higher VAT area (cm2) was
significantly associated with an increased risk of severe gastrointestinal
diarrhea (OR = 1.02, p = 0.037), while most other associations were not
statistically significant. All analyses were adjusted for patient age, therapy
line and comorbidities.

Discussion
In this cohort of 48 patients with HER-2-positive/low MBC treated with
TDX-d, higher SAT and VAT areas, along with hypodense fat in both SAT
and VAT, were associated with higher rates of dose reduction. High BMI
showed a similar effect.Most previous studies onbody composition inMBC
patients did not specifically focus on TDX-d, a crucial component of the
current guideline-recommended breast cancer treatment algorithm. To our
knowledge, this is the first study to assess the impact of BCM on clinical
outcomes in patients with MBC treated with T-DXd.

Previous studies have shown that suboptimal body composition, also
characterized by adipose tissue with high density, is associated with poorer
outcomes in cancer patients. A systematic review byKapoor et al. highlighted
that increased adipose tissue density is linked to adverse outcomes such as
decreased survival and increased tumor recurrence14. Similarly, Cheng et al.
found that higher SAT radiodensity was significantly associated with
increased risk of overall mortality in non-metastatic breast cancer patients15.

In an exploratory analysis of theALTTOBIG2-06 trial, which assessed
trastuzumab and/or lapatinib as adjuvant treatments for early-stage HER2-
positive breast cancer, patients with obesity exhibited a significantly higher
incidence of grade 3/4 AEs (p < 0.001), resulting in a statistically significant

increase in treatment discontinuation (p < 0.001)16. These findings suggest
that obese patientswithHER2-positive breast cancer are at an increased risk
of toxicity from HER2-targeted therapies and may require more rigorous
monitoring for adverse effects. A large study addressed the value of obesity
in trastuzumab-related cardiotoxicity in an elderly cohort of breast cancer.
The association betweenBMNI≥ 30 kg/m2 and high risk of heart failure has
been well established among 5881 individuals17. The mechanisms by which
obesity could negatively influence cardiotoxicity are affected by numerous
confounding factors. One is increased expression of pro-inflammatory
adipokines and reduced anti-inflammatory adipokines, and resultant
chronic inflammation18. Another factor can be the activation of neuro-
hormones, increased oxidative stress and increased hemodynamic load19.

TDX-d represents a third-generation antibody-drug conjugate (ADC),
enhanced by using site-specific conjugation technology. This technology
produces homogenous ADCs with well characterized drug-antibody ratios
(DARs) and optimized cytotoxicity20. ADCs with consistent DARs are
associated with reduced off-target toxicity and improved pharmacokinetic
efficiency21. Hematological toxicity and gastrointestinal reactions observed
withADCs are likely due to the premature release of cytotoxic payloads into
the bloodstream22. This effect is consistent with the action of conventional
chemotherapy, which primarily targets rapidly proliferating cells. Clinical
observations have raised concerns about potential lung toxicity, such as ILD
during ADC treatment, with several ILD-related deaths reported23,24.

TDX-d dosing is calculated based on body weight. This means that a
patient whoweighs twice asmuchwill receive twice the amount of the drug.
High fat area, indicative of higher overall adiposity, and low fat density,
suggestive of larger adipocytes with greater lipid content, can both impact
the efficacy and toxicity of oncological treatments. Compared to themiddle
range of adipose tissue radiodensity, lower radiodensity is indicative of
adipocyte hypertrophy and decreased vascularity, which was reported to be
associated with adverse cardiometabolic risk and biomarkers25–28. In con-
trast, higher radiodensity may suggest lipid depletion, higher vascularity,
extracellular matrix deposition, and stronger inflammatory response26,29.
Thus, alterations in adipose tissue radiodensity may reflect the changes of
microenvironment and macroenvironment that may contribute to tumor
progression and treatment toxicity.

In the case of T-DXd, which has the potential for severe side effects
such as interstitial lung disease (ILD), hematologic and gastrointestinal
toxicity, identifying frail patients early can help optimize treatment safety.
Frail patients may be at higher risk for these toxicities, so clinicians might
consider starting with a lower dose to reduce side effects while maintaining
therapeutic efficacy. Close monitoring for adverse events, such as fatigue,
lung toxicity or hematologic issues, would also be essential. Overall, inte-
grating frailtymarkers into themanagement of T-DXd can help balance the
therapeutic benefits with the risk of toxicities, offering a more personalized
approach that improves patient outcomes and quality of life.

Our study is not without limitations. Firstly, the retrospective design
inherently limits the ability to establish causality and may introduce biases
related to the selection and availability of data. However, it provides
important insights that reflect everyday clinical practice, offering valuable
guidance for future prospective studies. The reliance on a single center
setting also constrains the generalizability of our findings, as the patient
population and treatment protocols at our center may not fully represent
broadermore diverse populations. At the same time, this ensures consistent
treatment protocols and follow-up care, reducing variability due to insti-
tutional differences. Additionally, due to the retrospective nature of the
study, we could not retrieve data regarding diet, physical activity, sedentary
habits, and comorbidities, which could influence both body composition
and treatment outcomes. Despite the unavailability of some data, our
emphasis on objective body composition measures, such as subcutaneous
and visceral adipose tissue, provides reliable indicators of treatment
response. Finally, the sample size of 48patients is relatively small,whichmay
limit the statistical power of our analyses. A small sample size can reduce the
ability todetect subtle but clinically important associations and increases the
risk of type II errors. This limitation also restricts the extent to which

Table 3 | Multivariate Analysis of the Association Between
Body Composition Parameters and Favorable Treatment
Response

Measure Comparison OR 95% CI p-value

SMA cm2 Low vs High 3.06 0.51–18.45 0.222

Medium vs High 0.23 0.03–1.56 0.132

SMA HU Low vs High 0.42 0.08–2.40 0.334

Medium vs High 0.45 0.09–2.37 0.350

SAT cm2 Low vs High 0.22* 0.05–0.94 0.047

Medium vs High 1.08 0.20–5.72 0.928

SAT HU Low vs High 0.90 0.18–4.37 0.896

Medium vs High 0.91 0.18–4.70 0.916

VAT cm2 Low vs High 0.57 0.11–2.89 0.498

Medium vs High 0.27 0.05–1.55 0.143

VAT HU Low vs High 1.73 0.34–8.88 0.508

Medium vs High 0.38 0.07–2.01 0.258

SMI < 41 cm2/m2 Yes 1.94 0.34–11.11 0.455

BMI kg/m2 Low vs High 0.72 0.19–2.71 0.632

Multivariate analysis adjusted for patient age, line of Enhertu therapy, and comorbidities as
covariates. *p < 0.05, **p < 0.01.
OR Odds Ratio, CI Confidence Interval, SMA Skeletal Muscle Area, SAT Subcutaneous Adipose
Tissue, VAT Visceral Adipose Tissue, BMI Body Mass Index, HU Hounsfield Units.
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subgroup analyses can be performed, potentially masking differences
betweenvarious patient groups.Despite the small sample size, it represents a
carefully selected cohort of HER-2 positive/low MBC patients treated with
TDX-d. This focused sample allows for detailed analysis of body compo-
sition’s role in treatment, and significant trendswere identifiedevenwith the
limited sample.

In conclusion, our study showed that patientswith larger fat tissue area,
lower fat density, and higher BMI, experienced increased rates of dose
reduction and treatment-related toxicity. Since some common side effects,
fatigue for instance, are challenging to quantify, we used dose reduction rate
as an indicator of their occurrence. Our study highlights the importance of
these metrics in clinical decision-making. These findings substantiate body
composition as an encouraging prognostic tool in the era of modern breast
cancer treatment. By integrating body composition assessments into clinical
practice, healthcare providers can better tailor treatment plans to individual

patients, potentially enhancing treatment efficacy and minimizing adverse
effects.

Future prospective studieswith larger,more diverse cohorts areneeded
to validate these findings and further explore the mechanisms underlying
the observed associations.

Methods
Patients
This retrospective single-institution analysis included patients with HER2-
positive orHER2-lowMBC treatedwith T-DXd at TAMCbetween January
2020 andMarch 2024. Eligible participants were females, aged 21 years and
older, with an Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0-3. Participants required a baseline abdominal CT scan
performedwithin 60 days prior to initiating therapywith T-DXd, accessible
digital images formusclemass assessment, and complete electronicmedical

Fig. 1 | Body composition metrics and treatment toxicity. Two patients with
metastatic breast cancer. Left (a,b), high SAT andVATarea (cm2),mediumSATand
VAT density (HU), high BMI (>25 kg/m2), high treatment toxicity leading to dose

reduction; Right (c,d), low SAT andVATarea (cm2), low SAT and highVATdensity
(HU), low BMI (<25 kg/m2), no treatment toxicity.

https://doi.org/10.1038/s41523-025-00754-7 Article

npj Breast Cancer |           (2025) 11:38 4

www.nature.com/npjbcancer


records. Patient data was extracted from the institutional electronic data-
base. The study received approval from the TAMC Institutional Review
Board (Helsinki ethics approval number 0611-21-TLV). In this trial,
informed consent was not required as the study used pre-existing data from
routine clinical care. This approach complies with ethical guidelines for
observational research. Clinical parameters included age at the time of
metastatic disease diagnosis, HER-2 status, treatment duration, number of
prior therapy lines and treatment response by the Response Evaluation
Criteria in Solid Tumors (RECIST version 1.1)30.

Toxicity grading measures
Patient demographics and AEs were extracted from the electronic medical
records. The severity of AEs was graded according to the National Cancer
Institute Common Toxicity Criteria for Adverse Events (NCI-CTCAE,
Version 5.0)31. Our analysis focused on commonly reported AEs in the
literature, including hematologic toxicity, gastrointestinal toxicity (diarrhea
and nausea), and ILD/pneumonitis. Furthermore, data were collected on
dose reductions, treatment delays, andhospitalizations deemed to be caused
by drug toxicity, based on physician documentation in themedical records.
Adose reductionwasdefinedas adecrease ofmore than20% fromthe initial
dose, in linewith themanufacturer’s recommendations (FDA label), while a
treatment delaywasdefined as a postponement ofmore thanoneweek from
the scheduled treatment date.

Body composition analysis
Abdominal CT images were obtained from the TAMC Picture Archiving and
Communication System (Philips Algotec, Ra’anana, Israel) and were analyzed
with theassistanceofa radiologist.AxialplaneCTimagesat the levelof the third
lumbar vertebra (L3)were selected for evaluation.These imageswereprocessed
using an automated segmentation software, theDataAnalysis Facilitation Suite
(DAFS) platform (Voronoi Health Analytics Inc., Vancouver Canada). The
development and validation of DAFS have been previously described31–36.

As demonstrated in Fig. 1, the software detectsmuscle tissue basedon a
density range of −29 to +150 HU, utilizing a priori knowledge of the L3
muscle shape to avoid incorrectly labeling adjacent organs with similar HU
values. The cross-sectional areas (cm2) of all L3 regional muscles (psoas,
paraspinal, and abdominal wall muscles) were calculated for each image,
and an average value from two images was computed for each patient. This
approach yields a highly accurate estimation of cross-sectional lean tissue
areaand skeletalmuscle area37–39. SMIwas calculatedusing the formula: SMI
= (L3 muscle area in cm2/(patient height in m2), an SMI of <41 cm2/m2 was
considered sarcopenic. Baracos et al. established the sarcopenia threshold of
41 using optimal stratification to identify cutoff values associated with
reduced survival, defining skeletal muscle depletion in women across BMI
categories as a significant prognostic factor in cancer patients40.

Themean skeletalmuscle density (SMD)was determined by averaging
the HU of skeletal muscle at the level of the L3 vertebra. This attenuation
measurement serves as a non-invasive radiological technique to indirectly
assess muscle fat content. Higher skeletal muscle density indicates lower
muscle fat content, as there is an inverse relationship between muscle
density and fat content41.

SATandVATdensitywere defined by ranges of−190 to−30 and -150
to−50HounsfieldUnit (HU), respectively.Muscle and fat areas (cm2) were
normalized for the square of height (m2) as indexes (cm2/m2). All body
composition valueswere classified based on tertile distribution, as presented
in Supplementary Table 3.

Statistical analysis
For data that conformed to the assumptions of normal distribution, as
validated by the Kolmogorov–Smirnov test, the results are presented as
mean ± SD.For data that didnot followanormal distribution, the results are
presented as median (IQR). Amultivariate binary logistic regressionmodel
was implemented to estimate the OR for each variable. All analyses were
adjusted for patient age, therapy line and comorbidities as control variables
to account for potential confounding effects. A p-value of less than 0.05 was

considered to indicate statistical significance. All statistical analyses were
performed using IBM SPSS version 28.

Data availability
Data are available upon reasonable request. Access to datasets from the
Oncology Department, Tel Aviv Sourasky Medical Center (used with per-
mission for this study) should be requested directly from the institution via
their data access request forms. Subject to ethical approval by the institu-
tional review board, de-identified datawill bemade available as a test subset.
All implementationdetails are thoroughly described in theMethods section,
enabling independent replication using non-proprietary libraries.

Code availability
Code availability is not applicable, as no custom software or algorithmswere
used in this study.
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