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Abstract
Aim: The incidence of most hematologic malignancies increases with age. Hematopoietic stem cell
transplantation (HSCT) provides a potentially life-prolonging or curative option for many patients in this
scenario. Limited data is available on muscle mass and density assessed from CT-images on outcomes
after HSCT. We aimed to evaluate the in�uence of body composition on morbidity and mortality in older
adults undergoing (HSCT).

Methods: Retrospective longitudinal study conducted with 50 patients ≥ 60 years undergoing HSCT at
Hospital Israelita Albert Einstein, São Paulo. Body composition was assessed by chest computed
tomography and treatment related mortality, graft versus host disease, neutrophil grafting, and overall
survival were analyzed.

Results: 148 HSCT patients were evaluated, 50 patients were eligible: 60% with autologous and 40% with
allogeneic transplantation. Body mass index in patients was (female: 26.9 ± 4.7 kg/m2; 30.1± 4.9 kg/m2)
- autologous and (female: 24.3 ± 5.15 kg/m2; male: 26.4 ± 2.0 kg/m2) - allogeneic. In autologous
transplant group, we found a positive association between age and death risk with an increase of 63.5%
in this risk (p=0.006) and also Karnofsky performance scale with decrease of 11.9% in death risk
(p<0.001). A negative association between muscle radiodensity and death risk was observed in
allogeneic transplantation patients with risk decrease of 20.1% (p = 0.032). We found a positive
association between T4 muscle area and radiodensity with risk of acute graft versus host disease (p=
0.028).

Conclusion: In population studied, body composition assessed by chest tomography showed the
importance of radiodensity for better prognosis.

Introduction
Hematopoietic stem cell transplantation (HSCT) in older adults increases progression free and overall
survival. Older adults are at high risk for diseases related to age and geriatric syndromes, which are
generally associated with worse outcomes1,2. However, the research is limited in the pre-transplant period.

Among geriatric comorbidities, one of the most important is sarcopenia, a syndrome of multifactorial
etiology, which consists of loss of muscle mass, loss of strength, and decreased functional ability. It is
present in approximately 50–90% of patients with cancer. It is associated with increases in chemotherapy
toxicity, postoperative complications, and reduced overall survival. The coexistence between sarcopenia
and frailty ranges from 50 to 70% of patients in this age group.3

The main imaging modalities used for detection of sarcopenia are dual-energy X-ray absorptiometry
(DXA), bioimpedance, and abdominal computed tomography, all having limitations in the elderly
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undergoing HSCT. 4

Chest computed tomography (CCT) is routinely performed in HSCT candidates with precise quanti�cation
of muscle mass and differentiation of muscle and adipose tissue. There is good correlation and
differentiation between adipose tissue and whole body skeletal muscle mass4,5 In addition, the muscle
radiodensity parameter, de�ned as mean radiation attenuation in Houns�eld units in the pectoral muscle
area, correlates well with muscle quality. 6

The aim of this study was to identify whether the quantitative and qualitative data of muscle mass,
obtained by evaluation of CCT, are associated with morbidity and mortality in older patients undergoing
HSCT.

Materials And Methods

Patients
We retrospectively evaluated medical records from 148 older patients submitted to HSCT. Inclusion
criteria were patients ages ≥ 60 years with a diagnosis of hematologic malignancy con�rmed by
pathological examination who were submitted to chest computed tomography in the period from 60 days
before to 21 days after HSCT. All patients < 60 years-old and/or without CCT were excluded of this study.

This study was approved by the institutional review board as minimal risk study and the University of
Alberta Health Research Ethics Board.

Clinical Data
All patients were evaluated for the following topics:

Graft versus host disease (GVHD) only in allogeneic transplants;

Neutrophil grafting, which corresponds to the time to neutrophil grafting (de�ned as the �rst of three
consecutive days when neutrophils exceeded 0.5 x 109/L;

Treatment related mortality (TRM), and death from any cause that has not been from progression of
disease within 30 days after HSCT;

Overall survival (OS), calculated from date of HSCT to date of death from any cause or until last
outpatient follow-up.

The strength assessment of the dominant upper limb was assessed by a validated and adjustable
strength dynamometer (Hand grip). After 3 measurements and an average between them. This test
was applied during the patient's oncogeriatric evaluation before HSCT, only starting in 2012, which
justi�es not all patients having undergone it.

Body composition
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Body composition was assessed by analyzing the difference in radiation absorption of different body
tissues. We used CCT image, taken 60 days before and 21 days after HSCT, stored in a PACS Vue Motion
system (image �le) using SliceOmatic ® Software Version 5.0 software (TomoVision, Montreal, Quebec,
Canada). 5,7− 9

Classi�cation of sarcopenia performed by measurements for skeletal muscle mass in the third lumbar
vertebra (L3) is the most studied method. However, L3 slice has not been included in several clinical
computer tomography (CT) protocols. Derstine et al., demonstrated while L3 remains the ideal location
for skeletal muscle measurement, results indicate that (in order) L2, L4, L5, L1, T12, T11, and T10 are the
preferred alternatives when L3 is unavailable. 10

Therefore, we used CT cutting at the level of the fourth thoracic vertebra (T4) to analyze subcutaneous
fatty tissue, muscle tissue of the major and minor pectoralis muscle, latissimus dorsi muscle,
subscapularis muscle, intercostal muscle, infraspinatus muscle, greater rhomboid muscle, trapezius
muscle, erector spinae muscle, and larger round muscle. 11 All images were analyzed by experienced
examiner through double-checking at the University of Alberta, in Canada.

Quanti�cation of muscle mass and subcutaneous adipose tissue were performed by adding cross-
sectional areas (cm2) calculated for each tissue and multiplying by the pixel surface area. Average
muscle area was normalized to height in meters squared (m2) and expressed in skeletal muscle index
(SMI) (cm2/m2).1213 Mean muscle radiodensity in Houns�eld units (HU) was reported for the entire
muscle area in the fourth thoracic vertebra. (Figs. 1 and 2). 

The amount of radiation absorbed by the tissue was measured in Houns�eld units (HU). The amount of
X-ray energy absorbed by water is set to 0 HU. The bone percentage absorption coe�cient is equivalent to
100 HU and for air is -1000 HU. Skeletal muscle is characterized by a range of -29 to 150 HU and
subcutaneous adipose tissue by a range of -190 to -30 HU. 9

Statistical analysis
Categorical variables were described by absolute frequencies and percentages. Quantitative variables
were described by means and standard deviations (SD). To access variables related to overall survival or
GVHD we used Cox proportional hazard models separately by type of transplant (Allogeneic or
Autologous), in which models with body composition measures were controlled by sex and
proportionality of risks were accessed with Schoenfeld residuals. Results were presented as hazard
ratios, 95% con�dence intervals and p-values. Analyses were performed with SPSS and R, with a
signi�cance level of 5%.

Results
Of the 148 patients evaluated, only 50 were included according to the eligibility criteria: 30 (60%) patients
with autologous transplantation and 20 (40%) with allogeneic transplantation. Autologous transplant
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patients had a mean age of 67.8 ± 13.6 years and 18 (60%) were men. Allogeneic transplant patients had
a mean age of 67.9 ± 5.5 years and 13 (65%) were men. The predominant diagnosis in patients
undergone allogeneic transplant was leukemia and lymphoma for patients undergoing autologous
transplantation. Clinical follow-up time ranged from 0.3 to 95.1 months, with a median of 3.2 months in
the allogeneic transplant group and 17.0 months in the autologous transplant group. The average KPS
for allogeneic transplant patients was 85.0 ± 13.6% and 88.3 ± 13.9% for those undergoing autologous
transplantation.

The mean body mass index (BMI) in female patients undergone autologous transplantation and
allogeneic was 26.9 ± 4.7 kg/m2 and 24.3 ± 5.1 kg/m2, respectively. We found in the allogeneic transplant
female group 28.6% of eutrophic and 28.6% of obesity, while 25.0% eutrophic and 41.7% obesity in the
autologous transplant group. For male patients undergone autologous and allogeneic transplantation the
mean BMI was 30.1 ± 4.9 kg/m2 and 26.4 ± 2.0 kg/m2, respectively. We found in the allogeneic transplant
male group 76.9% of eutrophic and 15.4% of obesity, while 27.8% eutrophic and 66.7% obesity in the
autologous transplant group., However, there was no signi�cant association between BMI and other
variables analyzed in this study.

Body assessment data are described in Table 1. No signi�cant differences were observed between sexes.

In regards to events related to allogeneic transplantation, we observed acute GVHD in (40%) of patients:
�ve (62.5%) grade II cases, one (12.5%) grade III case, and two (25%) grade IV cases. Neutrophil grafting
occurred in 19 (95%) patients and did not occur in one (5%) patient.

Twenty-�ve (50%) patients in the sample died, of those 15 (60%) underwent allogeneic transplantation
and 10 (40%) underwent autologous transplantation due to TRM for all age groups. At 1 year, the TRM
was 20% for autologous transplantation and 35% for allogeneic.

A multiple model was adjusted to assess the radiodensity association and risk of death by controlling for
the age of the patients, the KPS index and sex with an estimated risk decrease of 20.1% for each unit
increased in radiodensity (p = 0.032), according to Table 2. No association was found with autologous
transplantation.

In the autologous transplant group, in the multiple model we found a positive association between age
and death risk with an increase of 63.5% in this risk for each year of age increased (p = 0.006), according
to Table 3. We also found negative association with KPS scores, with an estimated decrease of 11.9% in
the risk associated with an increase of 1% in the KPS (p < 0.001).

We found a positive association between T4 muscle area and radiodensity with risk of acute GVHD (p = 
0.028). A multiple regression model, adjusted to assess the association of radiodensity and acute GVHD
controlling for kinship degree and sex, shows evidence of a signi�cant association with radiodensity with
an addition of 25.7% in the risk of acute GVHD for each unit increased in radiodensity (p = 0.029), see
Table 4.
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Discussion
In this report, assessment of body composition by CCT in older patients undergone allogeneic
transplantation showed that high muscle radiodensity was associated with higher risk of death persisting
even after adjusting for age, KPS, and sex e greater risk of acute GVHD controlling for kinship degree and
sex. While the age had a positive association with risk of death only in patients undergone autologous
transplantation.

Hematologic malignancies are a group of diseases that are associated with aging. With the growth of the
older population in Brazil, more candidates will be eligible for HSCT.(14) This therapeutic modality has
high morbidity and mortality, associated with a high incidence of acute and chronic complications. 2,15,16

Our Onco-hematology service is accredited by the Foundation for the Accreditation of Cellular Therapy
(FACT)(17), performing a signi�cant number of HSCT in older patients. All patients undergone
oncogeriatric clinical evaluation before the procedure. 18,19

Age should not be used as an exclusion criterion in isolation as a limiting factor for transplantation once
based on currently data, age alone is not the best predictor of toxicity and outcomes; rather, the
comorbidities and functional status of the older patient are likely better predictors of toxicity than
chronologic age in both the autologous and allogeneic setting. A comprehensive geriatric assessment
(CGA) in older adults being considered for either an autologous and allogeneic transplant may identify
additional problems or geriatric syndromes, which may not be detected during the standard pre-transplant
evaluation.20,21 The measurement of skeletal muscle mass can be a tool of choice for evaluation of
frailty.22

In regard to outcomes by transplantation type, studies suggest that elderly patients undergone HSCT are
at high risk for treatment-related mortality. Our death results related to TRM after one year were similar to
those found in the literature. We observed a rate of 20% at 1 year for autologous transplantation, whereas
in recent studies with the adoption of better supportive care and the advent of reduced-intensity
conditioning, TRM rates for older patients of 4–12%. TRM rate of 35% for allogeneic in our study that in
literature varying between 33% and 35%.2

Regarding BMI, our data showed few malnourished patients in pre-transplantation, as in other studies. 23

Although some studies have shown a positive association between BMI and overall survival, we did not
�nd such an association. BMI alone does not properly evaluate lean mass and fat mass changes and
does not re�ect patients’ body composition, which helps to explain con�icting literature results for HSCT
outcomes in the elderly when only BMI or is considered. 24,25

Currently, the measurement of body composition by analysis of muscle area at the fourth thoracic
vertebra level is not validated, although it has already been used in other studies. Future studies are still
needed to determine the relationship between various cutoff points of the various vertebral levels and
clinical outcomes. 10
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The use of abdominal CT scans is not routinely done for staging in HSCT, only CCT. CCT, besides being
routinely performed in this group of patients, was used for assessment of muscle mass, since it has good
correlation with total skeletal muscle mass.4

In allogeneic HSCT patients, our results demonstrated a signi�cant association between T4 muscle area
(p = 0.015) and radiodensity (p = 0.028) with chance of GVHD. Our body composition �ndings are
con�icting with the literature. Kyle et al. demonstrated that changes in lean mass were signi�cantly
associated with GVHD. Chughtai et al. did not demonstrate a signi�cant association between muscle
area and acute GVHD. In allogeneic transplant pediatric patients with long-term survival, there was no
such relationship, either.26,27 However, none of these studies evaluate the older adults or reported
radiodensity. There is no evidence of association between radiodensity and risk of death in patients
undergoing autologous HSCT. We also identi�ed, in the allogeneic transplant group, an association
between radiodensity and risk of death after controlling for age, sex, and KPS (p = 0.032), with a reduction
in risk of death by 20.1%. In patients with melanoma, kidney cancer, colorectal cancer, and follicular
lymphoma, lower muscle radiodensity is found when there are fewer muscle �bers and more fatty
in�ltration and is associated with worse survival. However, our study did not demonstrate this result.28

We found no studies in the literature showing an association between radiodensity and GVHD. Our results
showed a positive relationship between GVHD and radiodensity.

In evaluating BMI by categories, eutrophic patients who received allogeneic transplantation had a positive
association with neutrophil recovery. Although there are studies showing earlier recovery in patients with
high BMI in underweight patients, this �nding occurred 3 days and 4 days later than in normal and
overweight patients, respectively.29

The in�uence of age on transplant outcomes remains a controversy. Until two decades ago, 60 years old
was considered maximum age for autologous transplantation and 55 for allogeneic. After the
introduction of reduced intensity conditioning regimens, age has been shown to have minimal in�uence
on outcomes. Unlike other studies, among our patients, in which age ranged between 60 and 76 years
with a median of 67 years, we found a signi�cant association with mortality only in cases of autologous
transplantation. 30

Our study �ndings suggest that there is no signi�cant association between age, KPS, and risk of death in
allogeneic HSCT, although these associations were signi�cant in patients undergone autologous HSCT in
either the simple or multiple models. One of the hypotheses to explain this result would be that patients
submitted to allogeneic HSCT, in principle, have more severe underlying diseases and, as a result, have
already undergone several treatment lines prior to transplantation. This �nding suggests that the severity
of the underlying disease has a greater impact than age and KPS on morbidity and mortality, as
described in other studies. 25

Although older adults have been identi�ed as being vulnerable to the side effects of cancer treatment, few
studies have speci�cally incorporated health condition measurement metrics in addition to ECOG or
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Karnofsky functional status to identify those at higher risk.1,19

Albeit our sample has been the largest case series published, our small number of patients was a limiting
factor for quantitative analysis with higher power, however the qualitative �ndings and study trends
encouraged us to evaluate the results.

In future prospective studies, assessment of body composition by CCT should be performed early in the
initial staging and during treatment to increase the sensitivity of our assessment of body composition
and variation during treatment.

The risks and bene�ts of HSCT in older adults remain poorly de�ned in the transplant community. Our
evidence that the use of chest CT as a body assessment tool in the pre- transplantation clinical routine is
extremely relevant, as this exam is part of patient diagnosis and follow-up as a tool that could be
explored to estimate morbidity and mortality of these patients.
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Tables
Due to technical limitations, tables are only available as a download in the Supplemental Files section.

Figures

Figure 1

Image example of CT on T4 level axial plane used for pectoralis area measurements.
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Figure 2

Image example of CT on T4 level axial plane, analyzed with sliceomatic®: the red color indicates the
skeletal muscle; green indicates the intramuscular adipose tissue and blue the subcutaneous adipose
tissue
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