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Increased stress leads to 

cancer progression

HCT patients of lower socioeconomic status have an 
18-20% increased risk of death after transplant



Transplant-Related 
Stressors

Highly Compromised
Immune System

Bone Marrow
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BiobehavioralModel of HCT

Knight JM et al. 2013, Psychoneuroendocrinology



Altered gene expression?

Knight JM et al. 2013, Psychoneuroendocrinology

SES and Gene Expression in HCT



Chronic stress affects transcriptional activity

Åά/ƻƴǎŜǊǾŜŘ ¢ǊŀƴǎŎǊƛǇǘƛƻƴŀƭ wŜǎǇƻƴǎŜ ǘƻ 
!ŘǾŜǊǎƛǘȅέ ό/¢w!ύ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴ ǇǊƻŦƛƭŜ

ïCirculating immune cells (PBMCs) 
demonstrate a systematic shift in basal 
gene expression profiles during 
extended periods of stress, threat, or 
uncertainty1-2

ï53 genes: high inflammation (19 genes), 
low interferon response (Type I, 31 
genes), low antibody synthesis (3 genes)

ïwŜƎǳƭŀǘŜŘ ōȅ ʲ-adrenergic system

1Cole SW 2007, Genome Biology
2Powell ND et al. 2013, PNAS



čCTRA gene expression čRelapse & ĎLFS

Knight JM et al. 2013, Psychoneuroendocrinology
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ÅInsert Invited Commentary

Turcotte LM & Verneris MR 2016, Clinical Cancer Research

Invited Commentary, CCR 2016:
άΧǘƘŜǎŜ Řŀǘŀ ƳƛƎƘǘ ƎŜǘ ǘƻ ǘƘŜ ŎƻǊŜ ƻŦ ŀƴ ǳƴǘŀǇǇŜŘ ŀǊŜŀ 
in cancer therapeutics: understanding how to manage 
ŎƘǊƻƴƛŎ ǎǘǊŜǎǎ ǘƻ ǇƻǎƛǘƛǾŜƭȅ ƛƴŦƭǳŜƴŎŜ ƻǳǘŎƻƳŜǎΦέ 



ÅInsert Invited Commentary

Turcotte LM & VernerisMR 2016, Clinical Cancer Research

Invited Commentary, CCR 2016: 
άǇƻǘŜƴǘƛŀƭƭȅ ǳǎƛƴƎ ǘƘŜ /¢w! ǇǊƻŦƛƭŜ ŀǎ ŀ ǎǘǊŜǎǎ ōƛƻƳŀǊƪŜǊΣ ǿƘƛŎƘ ŎƻǳƭŘΣ 

in turn, be incorporated into pre-I/¢ ŘƛǎŜŀǎŜ Ǌƛǎƪ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴΧέ



ÅInsert Invited Commentary

Turcotte LM & Verneris MR 2016, Clinical Cancer Research

Invited Commentary, CCR 2016: 
ά¢ƘŜ ŀǳǘƘƻǊǎ ŦǳǊǘƘŜǊ Ǉƻǎƛǘ ǘƘŀǘ ǘƘŜ ǳǎŜ ƻŦ -̡adrenergic antagonists ό-̡
ōƭƻŎƪŜǊǎύΧƳŀȅ ōŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ōŜƴŜŦƛǘ ƛƴ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ŀƭǘŜǊŜŘ ƎŜƴŜ 
transcription patterns and that CTRA expression could be monitored 

ƻǾŜǊ ǘƛƳŜ ǘƻ ŀǎǎŜǎǎ ǘǊŜŀǘƳŜƴǘ ǊŜǎǇƻƴǎŜΦέ



-̡blockers stop metastatic spread of stress-induced cancer 
progression in mice

Sloan E K et al. Cancer Res 2010;70:7042-7052
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Pilot study using propranolol to decrease 
gene expression of stress-mediated ̡ -
adrenergic pathways in HCT recipients



Propranolol Conclusions
Å Propranolol administration during HCT is 

feasible

Å Peri-transplant administration of 
propranolol decreases genome-wide 
transcriptional pathways involved in ̡-
adrenergic signaling

Å Propranolol has clinically meaningful 
impact on early post-HCT outcomes

ÅOngoing follow-up and future replication 
studies are required to assess impacts on 
clinical outcomes 



HCT Treatments and CNS Functioning

Humanized anti-IL-6 receptor antibody that blocks IL-6 signaling and has been FDA-

approved for the treatment of severe active rheumatoid arthritis

Blocks both membrane 

and soluble forms of the

IL-6R

άPHASE II OPEN LABEL OF TACROLIMUS/METHOTREXATE AND TOCILIZUMAB 
FOR THE PREVENTION OF ACUTE GRAFT VERSUS HOST DISEASE AFTER 

![[hD9b9L/ I9a!¢hthL9¢L/ {¢9a /9[[ ¢w!b{t[!b¢!¢Lhbέ όDrobyski, PI)



Central Hypothesis:

Patients receiving tocilizumab will have 
improved depression, anxiety, fatigue, 

sleep, and pain as compared to patients 
not receiving tocilizumab. 

TOCILIZUMAB FOR THE PREVENTION OF DEPRESSION, COGNITIVE CHANGES, 
ADVERSE GENE EXPRESSION, AND LOSS OF RAP1 PRENYLATION AMONG 
ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANTATION RECIPIENTS

PIs: William Drobyski, MD, Marcelo Pasquini, MD, MS, Jennifer Knight, MD, MS



p<.025

HCT patients exposed to tocilizumabhave higher 
depression scores at Day +29



Patients receiving tocilizumabexhibited greater 
anxiety at all 3 time points following HCT

p<.05, p=.001, p=.02


