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• Alive, disease-free
• Restore life expectancy
• Normal physical and mental functioning 
• Good quality of life
• Return to social roles – parent, worker, student

Successful hematopoietic cell transplantation



Increased mortality rates persist

Martin et al. JCO 2010; 28: 2011 

4-9x increased mortality rates in 5-year survivors 
= 30% ↓ life expectancy

Age and sex matched 
general population

Among 2-year DFS, 
subsequent survival:

Autologous
70-80% at 10 years

Allogeneic
85% at 10 years
80% at 15 years

Martin et al, JCO 2010; 28: 1011-1016
Atsuta et al, BBMT 2016; 22: 1702-1709
Myers et al, Cancer 2017; 124: 816-825
Holmqvist et al, Blood 2018; 131: 2720-2729
Holmqvist et al, JAMA Onc 2018; 4: e182453
El-Asmar et al, BBMT 2019; 25: 2522-2526
Bhatia et al, JAMA Onc 2021; online



Martin et al. JCO 2010; 28: 2011
Syrjala et al. JCO 2012; 30: 3746 

Late deaths (5 year DFS)

N=1,625 allogeneic recipients
(13% died, n=219)

N=342 autologous recipients
(19% died, n=65)



Successful hematopoietic cell transplantation

• Alive, disease-free
• Restore life expectancy
• Normal physical and mental functioning 
• Good quality of life
• Return to social roles – parent, worker, student



Many people are already disabled before HCT
• Most transplants are performed for hematologic 

malignancies
– Cyclic pre-HCT chemo- and radiotherapy
– Unable or not advised to work or go to school

• High rates of comorbidities, frailty, poor physical and 
mental quality of life
– Correlate with complications, transplant-related mortality, 

survival 
• Unlike some other life-saving medical procedures, HCT 

does not usually improve health while curing disease



Sorror M et al, JCO 2014; 32: 3249
Muffly L et al, Haematologica 2014; 99: 1373
Wood W et al. Cancer 2016; 122:91

Pre-HCT CMB, frailty, QOL predict survival

BMT CTN 0902
310 allos

Single center
203 allo, >50 y/o

Multi-institution
3,033 allo



Pre-HCT co-morbidities

Attributable disability

Relapse

Getting older
Transplant long-term effects

Transplant late effects

Day 0         2 years                                          Many Years



First 1-2 years after HCT

• How the transplant goes
– The toll it takes – temporary or permanent co-morbidities
– How the patient recovers

• Whether relapse occurs
• Whether chronic GVHD develops



18%

76%

5%

34%

9%

41%

16%



Changes in physical/mental functioning predict survival

Wood W et al. Cancer 2016; 122:91

Scale HR  for 10pt change (95% CI) p-value
PCS 1.83 (1.40-2.40) <0.001

MCS 1.43 (1.13-1.80) 0.003

Scale HR  for 10pt change (95% CI) p-value
PCS 3.57 (2.13-5.88) <0.001

OS*

TRM*

*models adjusted for baseline score, age, EBMT score, HCT-CI, DRI



Mental improved

Mental stable

Mental worse

Physical improved

Physical stable

Physical worse

27% died, median 8 mos
Decline in PCS = higher mortality Stable or decline in MCS = higher mortality

Changes in physical/mental functioning predict survival

unpublished



Medication burden at 1 year (118 allos)
Median 6 (IQR 4-9) systemic meds

n (%) n (%)
Anti-infective 111 (94%) Hormone 32 (27%)
Calcineurin inh 66 (56%) Anti-Depress 31 (26%)
Prednisone 59 (50%) Diabetes 18 (15%)
Anti-HTN 38 (32%) Thyroid 15 (13%)
Bisphos 35 (30%) Anti-Lipid 11 (9%)
84 (71%) on immunosuppression 88% of 1-year DFS

40% reduced intensity
53% unrelated donors

Lee et al, BBMT 2009; 15: 416



JAMA 2004; 291: 2335

• 319 pre-HCT
• 94 at 5 yrs
• 20% autos/80% allos



6 mo 1 yrPre 2 yr

210 188320 129N responders

89% 90%70% 85%Response rate
=received/sent

1996-1999
Autos (median age 51) and allos (median age 45)
94-96% White, 45-52% college educated

Not returning a survey was associated with relapse/death
Some of the 2-year participants were converted to another study

JCO 2001; 19: 242-252



“ I have recovered from my transplant”

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

24 months

12 months

6 months

24 months

12 months

6 months

Auto

Allo

dead
missing

alive but without good outcome
alive with good outcome

“Somewhat or strongly agree” vs. “neutral, somewhat disagree, strongly disagree”

55%

65%

65%

41%

66%

71%



Back to school/ work/ homemaking

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

24 months

12 months

6 months

24 months

12 months

6 months

Auto

Allo

dead
missing

alive but without good outcome
alive with good outcome

46%

61%

70%

29%

58%

67%



• At 6 months…
• 43% have very good or excellent health
• 44% are bothered a lot or extremely bothered by fatigue
• 41% have recovered from their transplant

• At 12 months…
• 58% have very good or excellent health
• 35% are bothered a lot or extremely bothered by fatigue
• 66% have recovered from their transplant
• 58% are back at school, work, homemaking

 67% by 24 mos

Our myeloablative allogeneic patients tell us:



• At 6 months…
• 37% have very good or excellent health
• 42% are bothered a lot or extremely bothered by fatigue
• 55% have recovered from their transplant

• At 12 months…
• 46% have very good or excellent health
• 30% are bothered a lot or extremely bothered by fatigue
• 65% have recovered from their transplant
• 61% are back at school, work, homemaking

 70% by 24 mos

Our autologous patients tell us:



Syrjala JCO 2005; 23: 6596
Baker Leukemia 2010; 24: 2039
Khera JCO 2011; 30: 71
Inamoto Haematologica 2017; 102: 614
Eissa Blood Adv 2017; 1: 2243



Chronic health conditions

Sun CL et al, Blood 2010; 116: 3129

N=564 allos, 458 autos
Median FU 7.3 yrs

Grade 3-4: 3x rate in siblings



Frailty

• Premature aging: decreased physiologic reserve, more 
susceptible to stressors

• Characterized by exhaustion, weakness, slow walking 
speed, low physical activity, unintentional weight loss

• Associated with more chronic health conditions, higher 
mortality



Pamukcuoglu et al, BBMT 2019; 25: 2454

Muffly et al, Haematologica 2014; 99: 1373

Arora et al, JAMA Onc 2016; 2: 1277

Eissa et al, Blood Adv 2017; 1: 2243

21%

25%

0.7%

1.6%

8.4%

7%



• 8.4% frail by self-report
• Exhaustion, slowness, weakness
• Predictors:

• Myeloma
• Allo with chronic GVHD
• Chronic health conditions
• Low SES

• 39% vs. 15% mortality at 10 years

JAMA Onc 2016; 2: 1277



Successful hematopoietic cell transplantation

• Alive, disease-free
• Restore life expectancy
• Normal physical and mental functioning 
• Good quality of life
• Return to social roles – parent, worker, student



Only 50-80% return to FT/PT work
First 
author

Design Population Conclusions; risk factors Reference

Kirchhoff Longitudinal N=88 (auto/allo) 92% @ 5 years if FT pre-HCT; 
female, physical dysfunction

J Cancer Surv 2010; 4:43

Wong Longitudinal N=312 (auto/allo) 74% @ 3 yrs; older autos with 
lower pre-HCT income, allos with 
cGVHD

Blood 2010; 115: 2508

Morrison Longitudinal N=690, 79% auto 62% @ 1 year; hospitalizations, 
relapse, pain, fatigue

BBMT 2016; 22:1690

Lee Longitudinal N=152, allo 47% @ 5 yrs; peripheral blood JAMA Onc 2016; 2: 1583

Tichelli X-sec survey N=203, >5 year, 85% 
allo

77% @ 12 yrs; older, living alone, 
physical/mental late effects, fatigue

BMT 2017; 52: 1436

Kurosawa X-sec survey N=1048, 20-64, >2 yr
allo DFS 

52-76% @ 5 years; female, older, 
PT

J Cancer Surv 2021, online

Bhatt CIBMTR study N=2844 childhood 
HCT, 1985-2010, allo

73% when 28-32 y/o; RIC/NMA, 
older at HCT

Cancer 2019; 125: 144

Bhatt CIBMTR study N=1365 YA, 2008-
2015, allo

50%@1-3 yrs; female, HCT-CI>3, 
grade III-IV acute GVHD, relapse

TCT 2021; 27: 679.e1-e8



Predictors of not RTW

• Patient factors: Female, lower education, older
• Symptoms: Fatigue, pain, cognitive dysfunction
• Co-morbidities: HCT-CI, number of hospitalizations
• Medical complications: grade III-IV acute GVHD, relapse, 

chronic GVHD
• Transplant variables: TBI

Kirchhoff J Cancer Surviv 2010: 4: 33
Wong Blood 2010: 115: 2508
Morrison BBMT 2016; 22: 1690
Murgaugh Cancer 2020; 126: 2174
Bhatt TCT 2021; 27: 679.e1
Kurosawa J Canc Surv 2021; online



• 45 transplant programs (30% response)
• 100% recommended RTW <6 mos for autos
• 4 mos - >12 mos for allos: type of job, immunosuppression
• 35% recommended gradual RTW



Bhatt et al, TCT 2021; in press



Causes of Disability
• Physical – strength, stamina
• Mental – depression, anxiety, PTSD
• Cognitive – executive function, memory
• Symptoms – fatigue, pain
• Co-morbidities – CVD, pulmonary, diabetes, bone health
• Risk of infections – immunosuppressed (due to chronic 

GVHD, medications, maintenance Rx), COVID
• Frequent medical care, hospitalization, absenteeism
• Most post-HCT disabilities are not “visible” or self-limited



Trends in HCT – Implications for disability

• Older, sicker patients can undergo HCT
– Studies show survival benefits with HCT over non-HCT therapy

• Unclear whether “gentler” transplant approaches and 
better supportive care result in
– Better overall health of the HCT survivor population 
– More people surviving in poor health



Summary
• Many people are already disabled before HCT
• Autos recover earlier and have fewer late effects than allos but 

their reported health looks more similar than different at 1 year –
except for chronic GVHD

• There is a high burden of co-morbidities, ongoing medical care, 
and compromised function and QOL
– Improves with time but plateaus at 70-80% recovery [LE, work, PROs]
– Most disabilities are not visible or self-limited

• Only 50-80% of people return to FT/PT work/school after HCT
• Rates of post-HCT disability burden will rise as we transplant 

more and sicker patients
– More maintenance treatments



THANK YOU

Questions?
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