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Background: Physical function prior to allogeneic hematopoietic cell transplant (HCT) is associated with survival and may be
associated with patient physical activity (PA). Tools to evaluate PA prior to HCT are scarce. We aimed to evaluate the impact of
easily obtained patient-report of PA prior to HCT on survival.
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Methods: HCT recipients between January 1, 2011 and July 5, 2018 and who completed an International Physical Activity
Questionnaire Short Form were included. This patient survey captures self-reported activities over the preceding week to
determine PA level.
Results: We report a retrospective study of 587 adult (age ≥18) HCT recipients. The median age for the cohort was 57.9 years
(range 19.9–76.1) with 149 patients (25.4%) age ≥65. Younger patients reported higher PA (low, median age 59.7 years;
moderate, 56.1; high, 55.7; p < 0.001). High activity level was reported by males (66.7%; p < 0.001). Patients with low PA had
HCT-comorbidity index (HCT-CI) ≥ 3 (68.1%, p = 0.002). When controlling for HCT-CI and disease risk index, higher PA
was associated with improved overall survival (HR 0.954, 95% CI 0.921–0.988, p = 0.009). After adjusting for HCT-CI, higher
PA was associated with reduced non-relapse mortality (NRM) (HR 0.931, 95% CI 0.891–0.972, p = 0.0013). Subgroup analysis
in adults age ≥65 years also found that PA was lower in this population and associated with NRM mortality (HR 0.95, 95% CI
0.90–0.99, p = 0.041).
Conclusion: Patient-reported PA is a predictor of post-HCT survival. Future studies to validate incorporation of self-report
tools to better predict patient-related adverse risk are warranted.
© 2021 International Academy for Clinical Hematology. Publishing services by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

1. INTRODUCTION
Allogeneic hematopoietic cell transplantation (HCT) offers a potential cure to patients with a hematologic malignancy; the potential
benefit is offset by the risk of morbidity and mortality. While improvements in transplant-related care has allowed for older and more frail
patients to be offered this intensive therapy, assessing tolerability of
the procedure prior to HCT remains a challenge [1]. The current
paradigms for patient evaluation prior to HCT include comorbidity
appraisal and healthcare provider-rated estimation of performance
status, but not patient-reported assessment of their health status [2].
While these useful tools assist in ascertaining medical risk for an
HCT recipient, HCT physicians suggest that additional tools beyond
both comorbidity and performance status evaluation are needed to
better ascertain a patient’s overall health status and functionality [3].
Notably, HCT recipients have demonstrated limitations in functionality, with 19–25% being reported as frail, underscoring the
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need to evaluate a patients’ physical capacity prior to HCT [4–8].
A current study, Blood and Marrow Transplant Clinical Trials
Network (BMT CTN) 1704: Composite Health Assessment Risk
Model for Older Adults (CHARM) (https://clinicaltrials.gov/ct2/
show/NCT03992352), is aimed at identifying important tools
for assessment of frailty in older adults scheduled for HCT, an at
risk population. One component of frailty, physical fitness, has
been shown to be of particular importance in HCT recipients
[4,9–12]. In this population, decreased physical function prior
to HCT has been associated with decreased overall survival (OS)
and increased non-relapse mortality (NRM) [4,9–12]. In a multiinstitutional study evaluating the impact of exercise training on
post-transplant quality of life, lower patient-reported physical
function prior to allogeneic HCT was found to correlate with
lower OS [9]. Decline in physical function, which is the ability to
perform instrumental activities of daily living, may be delayed or
prevented by increased physical activity, which include structured
exercises, as well as routine activities such as carrying groceries
or gardening [13,14]. Currently, patient-reported assessment of
activity level in a formal and consistent manner is not frequently
collected. We aimed to evaluate the impact of patient-reported
physical activity prior to HCT on HCT outcomes. We hypothesized
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that increased physical activity would be associated with improved
survival post-transplant.

2. MATERIALS AND METHODS
2.1. Patients
Data were retrospectively collected from the Moffitt Cancer Center
(MCC) Health Research Informatics and BMT databases after
approval by the Institutional Internal Review Board. Patients who
underwent HCT from January 1, 2011 to July 5, 2018 at MCC and
who completed the International Physical Activity Questionnaire
Short Form (IPAQ) were included. This measure was captured as
part of a new patient questionnaire that is given to all new consultations at MCC. Completion of this questionnaire by the any individual patient is per the patient’s discretion and not mandated. Patients
were excluded if they had more than one allogeneic HCT or had
incomplete (n = 896) or missing (n = 20) IPAQ questionnaire.
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Cox proportional hazards model for OS and the sub-distribution
hazards model for NRM. The OS endpoint was date of death or
date of last contact. NRM was calculated as death without relapse,
with death in relapse as a competing risk. Multivariable analysis
was performed with a selection of variables which impact OS and
NRM post-transplant (gender, HCT-CI, regimen intensity, Disease
Risk Index) or have been shown to correlate with physical activity
[forced vital capacity in 1 second (FEV1)] [17–19]. Backward elimination was performed to remove variables with overall p > 0.05 in
the final model.
As IPAQ is validated in patients 18–65 years of age, to support the
importance of physical function in older adult HCT recipients
post-hoc subgroup analysis was performed in patients age ≥65 years
utilizing the same methods as above [13,20,21]. Spearman’s correlation was utilized to evaluate the correlation between physical activity
and time between survey completion to HCT. All analyses were
formed with SAS version 9.4 (SAS Institute Inc., Cary, NC).

3. RESULTS
2.2. Measures
International Physical Activity Questionnaire Short Form is a
7-item questionnaire which captures patients’ self-reported activities over the preceding week [15]. Patients provide the number of
days and the amount of time they performed each of the following
intensities of physical activity over a typical week: mild (i.e. walking at least 10 min), moderate (i.e. carrying light load, bike riding
at regular pace), or vigorous (i.e. heavy lifting, aerobics, fast bike
riding). Utilizing this information, the IPAQ scoring algorithm
allows for calculation of a patient’s energy expenditure in metabolic
task equivalent (MET)-minutes (MET-min) per week. A MET is
the ratio between an activity’s metabolic requirement compared to
the metabolic requirement of sitting [16]. Based on the total METmin, the IPAQ provides the ability to categorize patients into various physical activity levels: low, moderate, or high. An approximate
equivalent of high level of physical activity is vigorous activity such
as aerobics for at least 0.5 h a day or moderate intensity activity
such as biking at a regular pace for at least 1 h a day. An equivalent
approximation of a moderate level of physical activity is moderate
intensity activity for at least 0.5 h a day.
Demographics were captured from HCT data repository at MCC.
Comorbidities were captured by HCT-comorbidity index (HCT-CI)
[17]. HCT-CI score was categorized into low (score 0), intermediate (score 1–2), and high (≥3). Disease risk index was utilized to
identify risk of poor transplant-related outcomes related to underlying disease [18].

3.1. Baseline Characteristics
A total of 1501 patients received allogeneic HCT at MCC from
January 1, 2011 to July 5, 2018 (Figure 1). Of these, 587 underwent
one allogenic HCT with complete physical activity data available.
The frequency distributions of patient demographics are shown
in Table 1. Median age at HCT was 57.9 years (range 19.9–76.1).
The majority of patients were age 40–64 years (n = 348, 59.3%),
and 25.4% were ≥65 years (n = 149). Subjects were predominantly
male (n = 326, 55.5%), had high HCT-CI (n = 320, 54.8%) and
intermediate risk by Disease Risk Index (n = 417, 74.3%). The
most common HCT was matched unrelated donor (n = 290,
49.4%) and most patients received peripheral blood mobilized
stem cells (n = 541, 92.2%). The median follow up was 41.7 months
(11.4–267 months).

3.2. Self-Reported Physical Activity by IPAQ
A significant difference in age was seen by level of activity, with
younger patients reporting a higher activity level (low activity
level, median age 59.7 years, range 20.3–75.4; moderate, median

2.3. Statistical Analysis
Activity level was calculated utilizing the IPAQ scoring algorithm
and was evaluated as continuous and categorical variables. When
physical activity was evaluated as a continuous variable, log2 transformation of the physical activity value was performed. The association between activity level and continuous variables was analyzed
utilizing the analysis of variance method. The association between
activity level and categorical variables was analyzed utilizing the
Chi-square test. Univariate analysis was performed utilizing the

Figure 1 | CONSORT diagram.
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Table 1 | Patient characteristics
Characteristic
Age (Median, range)

Overall (n = 587)

Physical activity level
Low (n = 337)

57.85 (19.91–76.07) 59.67 (20.3, 75.4)

Moderate (n = 52)

High (n = 198)

56.1 (22.3, 72.4)

55.74 (19.9, 76.1)

Gender
Female
Male

261 (44.5%)
326 (55.5%)

173 (51.3%)
164 (48.7%)

22 (42.3%)
30 (57.7%)

66 (33.3%)
132 (66.7%)

KPS
90–100
≤80

461 (78.5%)
126 (21.5%)

261 (77.4%)
76 (22.6%)

42 (80.8%)
10 (19.2%)

158 (79.8%)
40 (20.2%)

HCT-CI*
Low
Intermediate
High

98 (16.8%)
166 (28.4%)
320 (54.8%)

44 (13.1%)
84 (25.1%)
207 (61.8%)

10 (19.6%)
17 (33.3%)
24 (47.1%)

44 (22.2%)
65 (32.8%)
89 (44.9%)

Number of prior chemotherapy
<2
≥2
Missing

150 (26.8%)
410 (73.2%)
27

86 (27%)
233 (73%)

17 (32.7%)
35 (67.3%)

47 (24.9%)
142 (75.1%)

Regimen intensity
NMA
MAC

269 (45.8%)
318 (54.2%)

165 (49%)
172 (51%)

32 (61.5%)
20 (38.5%)

84 (42.4%)
114 (57.6%)

Disease Risk Index**
Low
Intermediate
High/very high

45 (8.0%)
417 (74.3%)
99 (17.6%)

25 (7.8%)
241 (74.8%)
56 (17.4%)

4 (8%)
41 (82%)
5 (10%)

16 (8.5%)
135 (71.4%)
38 (20.1%)

Primary disease€
Benign hematologic disorder
Lymphoid disorder
Myeloid disorder
Plasma cell disorder

17 (2.9%)
139 (23.9%)
402 (69.2%)
23 (4.0%)

10 (3%)
71 (21.3%)
247 (74.2%)
5 (1.5%)

0 (0%)
9 (17.6%)
35 (68.6%)
7 (13.7%)

7 (3.6%)
59 (29.9%)
120 (60.9%)
11 (5.6%)

FEV1
>80%
≤80%

467 (79.6%)
120 (20.4%)

268 (79.5%)
69 (20.5%)

40 (76.9%)
12 (23.1%)

159 (80.3%)
39 (19.7%)

Acute GVHD†
0–I
II–IV

297 (53.8%)
255 (46.2%)

170 (54.1%)
144 (45.9%)

25 (49%)
26 (51%)

102 (54.5%)
85 (45.5%)

3 missing; **26 unable to be scored; €6 missing; †35 missing. KPS, karnofsky performance status; NMA, nonmyeloablative; MAC, myeloablative;
GVHD, graft-versus-host disease.
*

56.1, range 22.3–72.4; high, median 55.7, range 19.9–76.1; p <
0.001) (Table 1). More males reported a high activity level (66.7%,
female 33.3%; p < 0.001). Patients with reported low activity level
had higher HCT-CI (p = 0.002). No difference in healthcare provider measured Karnofsky Performance Status (KPS) was seen by
patient-reported activity level (p = 0.749). The number of chemotherapy regimens received prior to HCT was similar between physical activity levels (p = 0.526) with 75.1% (n = 142) of the patients
reporting high activity level having received two or more prior
lines of chemotherapy. No difference in activity level was seen by
Disease Risk Index (p = 0.556). Although 33.7% (n = 198) of the
study population reported high level of physical activity, 19.7%
(n = 39) were found to have low FEV1.

3.3. Transplant-Related Outcomes
The median OS for the entire cohort was 33.6 months. In univariate
analysis, an increased activity level demonstrated improved hazard
ratio for OS (HR 0.94, 95% CI 0.91–0.97, p < 0.001) (Table 2). This
finding indicates that with increasing physical activity, as measured

by total METs, the likelihood of death decreases by 6%. Older age
was associated with an increased risk of mortality (HR 1.02, 95% CI
1.01–1.04, p < 0.001). A KPS of 90–100% was associated with higher
OS (versus ≤80%, HR 1.73, 95% CI 1.28–2.34, p < 0.001). Patients
with high HCT-CI did not have significant difference in OS compared to those with low HCT-CI (HR 1.40, 95% CI 0.97–2.04, p =
0.073). High or very high Disease Risk Index correlated with worse
OS (HR 2.99, 95% CI 1.66–5.38, p < 0.001). In multivariate analysis, when controlling for HCT-CI and Disease Risk Index, greater
physical activity remained significantly correlated with improved
OS (HR 0.954, 95% CI 0.921–0.988, p = 0.009) (Table 3).
The activity level was associated with NRM (HR 0.92, 95% CI
0.88–0.96, p < 0.001) in univariate analysis (Figure S1 and Table S1).
Older age was associated with higher NRM (HR 1.04, 95% CI
1.02–1.06, p < 0.001). Low KPS and high HCT-CI were associated
with higher NRM (KPS ≤80 vs >80, HR 2.12, 95% CI 1.47–3.08,
p < 0.001; HCT-CI ≥ 3, HR 1.00–2.83, p = 0.048). In multivariable
analysis, after adjusting for HCT-CI, greater activity level was a significant predictor of reduced NRM (HR 0.931, 95% CI 0.891–0.972,
p = 0.0013) (Table 4).
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Table 2 | Univariate analysis of overall survival
Patient characteristic Hazard ratio (95% CI) p-value
Physical activity

0.94 (0.91–0.97)

<0.001

Gender
Male
Female

–
0.90 (0.69–1.18)

0.437

KPS
≤80%
>80%

1.73 (1.28–2.34)
–

<0.001

HCT-CI
Low
Intermediate
High

–
0.69 (0.44–1.07)
1.40 (0.97–2.04)

<0.001

Disease Risk Index
Low
Intermediate
High

–
1.70 (0.99–2.93)
2.99 (1.66–5.38)

<0.001

FEV1
≤80%
>80%

1.27 (0.93–1.73)
–

0.134

Regimen intensity
MAC
NMA

1.28 (0.98–1.67)
–

0.074

MAC, myeloablative conditioning; NMA, nonmyeloablative.

Table 3 | Overall survival multivariable analysis
Patient characteristic

Hazard ratio (95% CI)

p-value

Physical activity

0.954 (0.921–0.988)

0.009

HCT-CI
Low
Intermediate
High

–
0.742 (0.472–1.165)
1.318 (0.904–1.921)

0.004

Disease Risk Index
Low
Intermediate
High/very high

–
1.648 (0.94–2.887)
2.758 (1.5–5.072)

<0.001

Table 4 | Non-relapse mortality multivariable analysis
Patient characteristic

Hazard ratio (95% CI) p-value

Physical activity

0.931 (0.891–0.972)

0.0013

HCT-CI
Low
Intermediate
High

–
0.838 (0.455–1.543)
1.523 (0.902–2.572)

0.0145

3.4. Older Adults
A subgroup analysis was performed in patients aged ≥65 years. The
median age at HCT in this subgroup was 68.5 years (range 65.1–
76.1 years). The majority of patients reported low level of physical
activity (n = 95, 63.8%; moderate, n = 8, 5.4%; high, n = 46, 30.9%),
had high KPS as determined by the treating physician (n = 114,
76.5%), increased HCT-CI (n = 88, 60.3%; intermediate, n = 35,
24%; low, n = 23, 15.8%), and FEV1 ≥ 80% (n = 111, 74.5%). Twenty
percent (n = 30) of patients received myeloablative conditioning
regimen.
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The activity level was not significantly associated with OS (HR
0.97, 95% CI 0.92–1.01, p = 0.173) (Table S2). Regimen intensity
and HCT-CI had borderline significance. Greater activity level
was significantly associated with reduced NRM (HR 0.95, 95% CI
0.90–0.99, p = 0.041; Table S2). KPS, HCT-CI, and regimen intensity did not impact NRM.

4. DISCUSSION
This is the largest study of patient-reported physical activity prior
to allogeneic HCT. Its results suggest that patients with a higher
level of physical activity prior to HCT have improved OS and
NRM post-transplant. Despite high HCT-CI seen in patients with
low physical activity, the above findings remained significant after
adjustment for comorbidities. Patients reported high physical activity level despite low KPS or FEV1, suggesting that patient-reported
physical activity provides information beyond what is captured by
routine pre-transplant evaluation. Patient-reported physical activity likely reflects elements which are not captured on providerreported KPS.
Our findings are consistent with prior studies demonstrating the
importance of physical fitness prior to allogeneic HCT. The gold
standard to evaluate physical fitness is maximum oxygen utilized
in exercise (VO2max), but is limited by the need for specialized
equipment. Utilizing patient-report, the IPAQ measures patient’s
physical activity and has been correlated with VO2max [22]. The
6-min walk test (6MWT), an objective measure of physical function which correlates with VO2max, has also been shown to correlate
with post-transplant survival [10,23]. Incremental increases in the
6MWT correlate with improved OS and NRM. Serial evaluation of
physical activity not only pre- to post-transplant, but during chemotherapy prior to HCT may provide additional information into
a patient’s physical resilience.
The importance of physical fitness in HCT is also evident by
interventional studies investigating exercise regimens to improve
outcomes post-transplant, although the evidence for such interventions is mixed. An exercise intervention study which included
self-directed and supervised components showed decreased overall
mortality and NRM with exercise, as well as decreased fatigue and
improved quality of life (QOL), except for anxiety, in allogeneic
HCT recipients [24]. With a focus on strength training, Hacker
et al. [25] found exercise intervention during HCT to maintain
physical function and improve fatigue in patients who receive allogeneic or autologous HCT. In a multicenter interventional cooperative group trial, self-directed exercise and stress management
was studied in adults undergoing allogeneic or autologous HCT
[26]. Although that study did not show an improvement on QOL
at day +100, a sub-study showed a correlation of higher baseline
patient-reported physical function with higher OS and lower NRM
in allogeneic HCT recipients, which is consistent with our findings
[9]. These studies are limited by the differences in HCT type, autologous versus allogeneic, which carry different risks.
In older adults (age ≥65 years), our analysis suggests that physical
activity, measured by the IPAQ, impacts NRM. With the increasing
number of older adults receiving allogeneic HCT, there is a rising
need to understand patient factors other than chronologic age and
provider-rated performance status, which are predictive of survival
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post-transplant [1]. In older adults undergoing chemotherapy,
studies have shown the importance of physical function on survival
and risk of chemotherapy toxicity [27–30]. In older adults receiving intensive induction chemotherapy for acute myeloid leukemia,
physical function assessed by an objective measure correlated with
OS [29]. With incremental increases in physical function, improvement in OS was seen. In allogeneic HCT, multiple single-institution
studies have shown that OS and NRM are impacted by pretransplant physical function, as evaluated by objective and patientreported measures [4,11,12]. Those studies were limited by the use
of different measures to evaluate physical function. In contrast, a
multicenter retrospective study did not show a correlation of an
objective measure of function, Timed-Up-and-Go, and patientreported instrumental activities of daily living with OS or NRM
[31]. In our study, the correlation between physical activity and
NRM in older adults suggests the added utility of IPAQ in evaluating this patient population prior to HCT.
This study is limited by the patients excluded due to lack of or
incomplete physical activity data. Physical activity questionnaires
were completed as part of a larger set of patient questionnaire at the
time of initial consult at our institution. The heterogeneity of time
from survey completion to transplant is another limitation. Despite
this, we found no correlation between time from survey completion to transplant with physical activity level. Variation seen in time
to transplant is consistent with donor identification and proceeding with HCT. Studies are needed to standardize measurement of
patient-reported physical function and evaluate how best to incorporate this into HCT evaluation. BMT CTN 1704 CHARM is currently underway and poised to fill these gaps in our knowledge.

5. CONCLUSION
In summary, herein we describe the largest cohort of patientreported physical activity in allogeneic HCT recipients. Our
study demonstrates that patient-reported physical activity is an
independent predictor of OS and NRM. Given our findings, we
believe patient-reported physical activity may have added benefit
for physician assessment, and be reflective of patient functionality
reserve prior to transplantation. Future studies are needed to better
understand the role of physical activity in HCT, and validation of
inclusion of patient-reported physical activity assessment prior to
allogeneic HCT is warranted. Such assessments may facilitate treatment plans and interventions in allogeneic HCT recipients to mitigate transplant related excess risk.

CONFLICTS OF INTEREST
RJ, JP, JW, MQ, AM have no conflict of interest to disclose. HJ
reports consultant fees from RedHill BioPharma, Janssen Scientific
Affairs, and Merck and grants from Kite Pharmaceuticals outside
the submitted work.

AUTHORS’ CONTRIBUTION
RJ and AM performed literature search, study design, data collection, data analysis, data interpretation, manuscript writing. JP and

HJ participated in study design, data analysis, data interpretation,
manuscript writing. JW and QM performed data analysis and participated in manuscript writing.

FUNDING
This work was supported by the National Cancer Institute Center
Cancer Support Grant at Moffitt Cancer Center (P30CA076292)
and Moffitt Cancer Center BMT Foundation awarded to AM.

ACKNOWLEDGMENT
Data were collected in part utilizing the Blood and Marrow
Transplant Research Analysis Information Network (BRAIN).

SUPPLEMENTARY MATERIALS
Supplementary data related to this article can be found at https://
doi.org/10.2991/chi.k.210221.001.

REFERENCES
[1] D’Souza A, Fretham C, Lee SJ, Arora M, Brunner J, Chhabra S,
et al. Current use of and trends in hematopoietic cell transplantation in the United States. Biol Blood Marrow Transplant
2020;26;e177–e82.
[2] Artz AS, Pollyea DA, Kocherginsky M, Stock W, Rich E,
Odenike O, et al. Performance status and comorbidity predict
transplant-related moratality after allogeneic hematopoietic cell
transplantation. Biol Blood Marrow Transplant 2006;12;954–64.
[3] Mishra A, Preussler JM, Al-Mansour Z, Bachanova V, Bhatt VR,
Bredeson C, et al. Transplant physicians’ attitudes on candidacy
for allogeneic hematopoietic cell transplantation (HCT) in older
patients: the need for a standardized geriatric assessment (GA)
tool. Biol Blood Marrow Transplant 2020;26;S45–S6.
[4] Muffly LS, Kocherginsky M, Stock W, Chu Q, Bishop MR, Godley
LA, et al. Geriatric assessment to predict survival in older allogeneic hematopoietic cell transplantation recipients. Haematologica
2014;99;1373–9.
[5] Arora M, Bhatia S, DeFor TE, Nayar M, Belete H, Lund T, et al.
Impact of frailty on hematopoietic cell on early transplant outcomes in older recipients. Blood 2015;126;388.
[6] Pamukcuoglu M, Bhatia S, Weisdorf DJ, DeFor TE, Ustun C,
Nayar M, et al. Hematopoietic cell transplant-related toxicities
and mortality in frail recipients. Biol Blood Marrow Transplant
2019;25;2454–60.
[7] Holmes HM, Des Bordes JKA, Kebriaei P, Yennu S, Champlin RE,
Giralt S, et al. Optimal screening for geriatric assessment in older
allogeneic hematopoietic cell transplantation candidates. J Geriatric
Oncol 2014;5;422–30.
[8] Rodrigues M, de Souza PMR, de Oliveira Muniz Koch L,
Hamerschlak N. The use of comprehensive geriatric assessment in older patients before allologeneic hematopoietic stem
cell transplantation: a cross-sectional study. J Geriatr Oncol
2020;11;100–6.

R.V. Jayani et al. / Clinical Hematology International 3(1) 34–39

[9] Wood WA, Le-Rademacher J, Syrjala KL, Jim H, Jacobsen PB,
Knight JM, et al. Patient-reported physical functioning predicts
the success of hematopoietic cell transplantation (BMT CTN
0902). Cancer 2016;122;91–8.
[10] Jones LW, Devlin SM, Maloy MA, Wood WA, Tuohy S, Espiritu N,
et al. Prognostic importance of pretransplant functional capacity
after allogeneic hematopoietic cell transplantation. Oncologist
2015;20;1290–7.
[11] Deschler B, Ihorst G, Schnitzler S, Bertz H, Finke J. Geriatric
assessment and quality of life in older patients considered for
allogeneic hematopoietic cell transplantation: a prospective risk
factor and serial assessment analysis. Bone Marrow Transplant
2018;53;565–75.
[12] Huang LW, Sheng Y, Andreadis C, Logan AC, Mannis GN, Smith
CC, et al. Functional status as measured by geriatric assessment
predicts inferior survival in older allogeneic hematopoietic
cell transplantation recipients. Biol Blood Marrow Transplant
2020;26;189–96.
[13] Cleland C, Ferguson S, Ellis G, Hunter RF. Validity of the
International Physical Activity Questionnaire (IPAQ) for assessing
moderate-to-vigorous physical activity and sedentary behavior of
older adults in the United Kingdom. BMC Med Res Methodol
2018;18;176.
[14] Yorston LC, Kolt GS, Rosenkranz RR. Physical activity and
physical function in older adults: the 45 and up study. J Am
Geriatr Soc 2012;60;719–25.
[15] Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML,
Ainsworth BE, et al. International physical activity questionnaire:
12-country reliability and validity. Med Sci Sports Exerc 2003;
35;1381–95.
[16] Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM,
Strath SJ, et al. Compendium of physical activities: an update
of activity codes and MET intensities. Med Sci Sports Exerc
2000;32;S498–S516.
[17] Sorror ML, Logan BR, Zhu X, Rizzo JD, Cooke KR, McCarthy
PL, et al. Prospective validation of the predictive power of the
hematopoietic cell transplantation comorbidity index: a center
for international blood and marrow transplant research study.
Biol Blood Marrow Transplant 2015;21;1479–87.
[18] Armand P, Kim HT, Logan BR, Wang Z, Alyea EP, Kalaycio ME,
et al. Validation and refinement of the Disease Risk Index for
allogeneic stem cell transplantation. Blood 2014;123;3664–71.
[19] Scott BL, Pasquini MC, Logan BR, Wu J, Devine SM, Porter DL,
et al. Myeloablative versus reduced-intensity hematopoietic cell
transplantation for acute myeloid leukemia and myelodysplastic
syndromes. J Clin Oncol 2017;35;1154–61.

39

[20] The IPAQ Group. IPAQ: International Physical Activity
Questionnaire. 2016. Available from: www.ipaq.ki.se [cited 2019].
[21] Tomioka K, Iwamoto J, Saeki K, Okamoto N. Reliability and
validity of the International Physical Activity Questionnaire
(IPAQ) in elderly adults: the Fujiwara-kyo Study. J Epidemiol
2011;21;459–65.
[22] Dyrstad SM, Anderssen SA, Edvardsen E, Hansen BH.
Cardiorespiratory fitness in groups with different physical activity levels. Scand J Med Sci Sports 2016;26;291–8.
[23] Wood WA, Deal AM, Reeve BB, Abernethy AP, Basch E,
Mitchell SA, et al. Cardiopulmonary fitness in patients undergoing hematopoietic SCT: a pilot study. Bone Marrow Transplant
2013;48;1342–9.
[24] Wiskemann J, Dreger P, Schwerdtfeger R, Bondong A, Huber G,
Kleindienst N, et al. Effects of a partly self-administered exercise
program before, during, and after allogeneic stem cell transplantation. Blood 2011;117;2604–13.
[25] Hacker ED, Collins E, Park C, Peters T, Patel P, Rondelli D.
Strength training to enhance early recovery after hematopoietic stem cell transplantation. Biol Blood Marrow Transplant
2017;23;659–69.
[26] Jacobsen PB, Le-Rademacher J, Jim H, Syrjala K, Wingard JR,
Logan B, et al. Exercise and stress management training prior
to hematopoietic cell transplantation: Blood and Marrow
Transplant Clinical Trials Network (BMT CTN) 0902. Biol Blood
Marrow Transplant 2014;20;1530–6.
[27] Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP,
et al. Predicting chemotherapy toxicity in older adults with cancer:
a prospective multicenter study. J Clin Oncol 2011;29;3457–65.
[28] Extermann M, Boler I, Reich RR, Lyman GH, Brown RH,
DeFelice J, et al. Predicting the risk of chemotherapy toxicity in older patients: the Chemotherapy Risk Assessment Scale
for High-Age Patients (CRASH) score. Cancer 2012;118;
3377–86.
[29] Klepin HD, Geiger AM, Tooze JA, Kritchevsky SB, Williamson
JD, Pardee TS, et al. Geriatric assessment predicts survival for
older adults receiving induction chemotherapy for acute myelogenous leukemia. Blood 2013;121;4287–94.
[30] Palumbo A, Bringhen S, Mateos MV, Larocca A, Facon T, Kumar
SK, et al. Geriatric assessment predicts survival and toxicities in
elderly myeloma patients: an International Myeloma Working
Group report. Blood 2015;125;2068–74.
[31] Olin RL, Fretham C, Pasquini MC, Arora M, Bhatt VR, Derman B,
et al. Geriatric assessment in older alloHCT recipients: association of functional and cognitive impairment with outcomes.
Blood Adv 2020;4;2810–20.

