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UPDATE IN GRAFT - VERSUS - HOST DISEASE

     Updates in chronic graft - ver sus - host dis ease 
      Betty K.   Hamilton  
 Blood and Marrow Transplant Program, Hematology and Medical Oncology,  Taussig Cancer Institute , Cleveland Clinic, Cleveland, OH 

   Chronic graft - ver sus - host dis ease (GVHD) is the lead ing cause of late mor bid ity and mor tal ity after allo ge neic hema-
to poi etic cell trans plan ta tion. Symptoms and man i fes ta tions of chronic GVHD are het ero ge neous and pleo mor phic, 
and there are no stan dard treat ments beyond cor ti co ste roids. Therapy is typ i cally prolonged, and chronic GVHD and 
its treat ment are asso ci ated with adverse effects that have a sig nifi   cant impact on long - term qual ity of life and func-
tional sta tus. Several advances have been made over the last 2 decades to defi ne the diag no sis of chronic GVHD as 
well as its sever ity and response cri te ria for clin i cal tri als. Further under stand ing into the bio logic mech a nisms of the 
devel op ment of chronic GVHD has led to the inves ti ga tion of sev eral novel immu no mod u la tory and targeted ther a pies. 
Multi - insti tu tional col lab o ra tion and phar ma ceu ti cal sup port in the devel op ment of ther a pies based on sound bio logic 
mech a nisms and clin i cal tri als with defi ned end points and responses have led to sev eral prom is ing agents on the hori-
zon of approval for treat ment of chronic GVHD. This arti cle reviews advances in our knowl edge of chronic GVHD and its 
bio logic frame work to improve approaches to pre ven tion and treat ment.  

   LEARNING OBJECTIVES 
   •    Describe bio logic phases and mech a nisms of chronic GVHD devel op ment 
  •    Describe novel approaches to chronic GVHD pre ven tion and treat ment 
  •    Understand the con tin ued need for high - qual ity mul ti cen ter clin i cal tri als based on bio logic ratio nale and using 

chronic GVHD end points  

    CLINICAL CASE 
 A 64 - year - old male with a his tory of relapsed acute mye-
log e nous leu ke mia in sec ond com plete remis sion under-
went a reduced - inten sity matched unre lated - donor 
periph eral blood stem cell trans plant. Graft - ver sus - host 
dis ease (GVHD) pro phy laxis consisted of tacrolimus and 
mycophenolate mofetil (MMF). In the set ting of taper ing 
immu no sup pres sion, 4 months after trans plant he devel-
oped wors en ing fatigue, anorexia, skin rash, dry eyes, and 
dry mouth. Skin biopsy and ocu lar eval u a tion con f rmed 
chronic GVHD. Tacrolimus was increased to ther a peu tic 
lev els, and he was started on 1   mg / kg pred ni sone. Topical 
ther a pies includ ing dexa meth a sone oral rinses and ocu-
lar agents were used, includ ing scleral lenses. The GVHD 
symp toms resolved on ste roids; how ever, he had sev eral 
adverse effects to ste roids, such as hyper gly ce mia, irri ta-
bil ity, edema, and   cytomegalovirus reactivation. Systemic 
cor ti co ste roids were sub se quently suc cess fully tapered 
off. The patient was eager to get off all  immu no sup pres-
sion, but again, after a taper of tacrolimus, he had a fl are of 
GVHD with oral, eye, and skin involve ment. There was some 
improve ment with max i miz ing top i cal ther apy and increas-

ing tacrolimus. The patient was very reluc tant to con sider 
sys temic cor ti co ste roids or other med i ca tions. He devel-
oped wors en ing fatigue, anorexia, short ness of breath 
(pleu ral effu sions), lower - extrem ity swell ing, dys pha gia, 
and ane mia / throm bo cy to pe nia. Additional workup to rule 
out other eti  ol o gies was con sis tent with a GVHD fl are. He 
was restarted on 0.5   mg / kg pred ni sone with plans for a 
quick taper and started on ibrutinib. He had an excel lent 
response; his counts improved and symp toms resolved. He 
was  able to taper off pred ni sone with out a fl are in GVHD. 
He remains on low - dose tacrolimus and ibrutinib. 

 Introduction 
 Allogeneic hema to poi etic cell trans plan ta tion (HCT) is 
the only poten tially cura tive ther apy for many high - risk 
hema to logic malig nan cies, met a bolic and immunode-
f ciencies, and bone mar row fail ure syn dromes, and the 
num ber of trans plant pro ce dures con tin ues to increase. 
Despite sig nif   cant advances in donor selec tion, con di-
tion ing reg i mens, and sup port ive care, chronic GVHD 
remains the lead ing cause of late mor bid ity and mor tal-
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ity.1,2 The inci dence of chronic GVHD ranges from 30% to 50%, 
depending on GVHD pro phy laxis reg i mens and the donor graft 
source.1 Chronic GVHD, once established, is a het ero ge neous 
and pleo mor phic syn drome in which most patients have at 
least 3 involved organs, and treat ment typ i cally requires the 
prolonged (median 2-3.5 years) use of immu no sup pres sive 
agents.3 Chronic GVHD and its treat ment are thus often asso ci-
ated with late mor tal ity as well as sev eral adverse effects with 
sig nif  cant impact on long-term qual ity of life and func tional 
sta tus among HCT sur vi vors.2,4

The National Institutes of Health (NIH) chronic GVHD pro jects 
of 2005 and 2014 have pro vided a crit i cal frame work for sub-
stan tial advances in the trans plant feld over the last decade,5,6 
outlining stan dard guide lines and def  ni tions for chronic GVHD 
diag no sis, grad ing, and response cri te ria for clin i cal tri als.7,8 Fur-
ther refne ment of response def  ni tions has enhanced the reli-
abil ity and prac ti cal util ity of these mea sures in clin i cal tri als, 
ulti mately lead ing to the frst US Food and Drug Administration 
(FDA) approval of treat ment for chronic GVHD.9 In 2020, the NIH 
Chronic GVHD Consensus Conference fur ther set a for ward-
think ing agenda to address gaps and needs in future research 
over the next 3 to 7 years. This arti cle sum ma rizes recent 
advances in our under stand ing of chronic GVHD and its (1) eti -
ol ogy and pre ven tion, (2) devel op ment and diag no sis, and (3) 
novel treat ments.

Etiology and pre ven tion
Advances in our under stand ing of chronic GVHD have led to the 
rec og ni tion of sev eral donor, recip i ent, and trans plant fac tors 
that con trib ute to its ini ti a tion and devel op ment. Established 
clin i cal risk fac tors include growth fac tor-mobi lized periph eral 
blood stem cells, mismatched or unre lated donor grafts, female-
to-male trans plan ta tion, older recip i ent age, and acute GVHD 
his tory.10 Preclinically, although no murine model ade quately 
mim ics the clin i cal spec trum of chronic GHVD,11 bio logic insights 
from mul ti ple mod els with dis tinct pathophysiologies have laid 
a foun da tion lead ing to fur ther clin i cal stud ies and new treat-
ment par a digms. Several detailed and com pre hen sive reviews 
of chronic GVHD biol ogy and pre clin i cal mod els already exist 
and are out side the scope of this arti cle.12-14 Key ele ments in the 
path o phys i  ol ogy, how ever, will be briefly sum ma rized here to 
pro vide a frame work for the updates on novel ther a peu tic tar-
gets for pre ven tion and treat ment.

Etiology and path o gen e sis
Chronic GVHD is a result of com plex and dynamic mech a nisms 
and can be thought to occur within 3 bio logic phases: (1) early 
inflam ma tion due to tis sue injury, (2) thy mic injury and T- and B-
cell dysregulation, and (3) tis sue repair and fbro sis (Figure 1).14 
Although these pro cesses are often overlapping and depen dent, 
they do not nec es sar ily need to occur in sequence, or even occur 
at all . As with acute GVHD, exper i men tal mod els sug gest that the 
ini tial phase of chronic GVHD also begins with dam age of host tis-
sues by pretransplant con di tion ing and the sub se quent release of 
inflam ma tory cyto kines. Damage to gut tis sues and the release of 
micro bial con tents result in the acti va tion of anti gen-presenting 
cells, and inflam ma tory cyto kines stim u late the acti va tion of do-
nor alloreactive T cells, driv ing helper T (Th1)/T-cyto toxic 1 (Tc1), 
and Th17/Tc17 dif fer en ti a tion and expan sion of effec tor T cells, 
caus ing fur ther cyto tox ic ity to host tar get cells.12

Tissue dam age to the thy mus and the sec ond ary lym phoid 
organs pre dis poses patients to sub se quent chronic GVHD. The 
sec ond phase is thus char ac ter ized by thy mic injury, which 
allows for the emer gence of and the selec tion of auto- and allo-
reactive T-cell pop u la tions.13 A loss of cen tral and periph eral tol-
er ance leads to impaired or def cient reg u la tory T (Treg) and  
B cells.15 Donor T fol lic u lar helper (Tfh) cells have been shown to 
expand in the sec ond ary lym phoid organs and pro mote the sur-
vival, expan sion, and dif fer en ti a tion of donor B cells into aber rant 
anti-host-immu no glob u lin-pro duc ing plasma cells via cyto kines 
such as IL-21 and B-cell acti vat ing fac tor.16 Chronic inflam ma tion 
is thought to be maintained by Th17 cells that have escaped 
immune reg u la tion.12

The third phase is marked by aber rant tis sue repair. Activated 
mac ro phages depen dent on IL-17 and col ony-stim u lat ing fac tor 
(CSF-1) have been shown to play an impor tant role in this by 
pro duc ing transforming growth fac tor β and plate let-derived 
growth fac tor alpha.17 This leads to fbro blast acti va tion, result-
ing in chronic GVHD man i fes ta tions such as sclero derma or 
bronchiolitis obliterans. Thus, it is increas ingly clear that sub clin-
i cal path o genic pro cesses crit i cal to the devel op ment of chronic 
GVHD begin long before the spe cifc clin i cal man i fes ta tions 
become evi dent.

Chronic GVHD pre ven tion
Calcineurin inhib i tor (CNI)-based pro phy laxis, typ i cally in com bi-
na tion with meth o trex ate (MTX) or MMF, has been stan dard prac-
tice over the past 3 decades for GVHD pre ven tion.18 Although 
these reg i mens may have rel a tive ben e ft in lim it ing acute GVHD, 
they are not effec tive against chronic GVHD and, par a dox i cally, 
may sup port its devel op ment by blocking thy mic cen tral tol er-
ance and Treg func tion.19-21 The need for improve ments in GVHD 
pre ven tion strat e gies has been rec og nized as a pri or ity by the 
feld,22 and sev eral novel strat e gies and end points have been 
inves ti gated.

Although sev eral pro phy laxis strat e gies have been shown 
to decrease the inci dence of chronic GVHD, their effects on 
immune recon sti tu tion and dis ease relapse remain prob lem-
atic. Because donor-derived effec tor T cells are crit i cal ini ti a-
tors of chronic GVHD, approaches to deplete T cells from the 
hema to poi etic cell graft have been inves ti gated, dem on strat ing 
sig nif  cant reduc tions in the inci dence and sever ity of chronic 
GVHD. While the ex vivo removal of T cells by the pos i tive selec-
tion of CD34+ cells has become the pre dom i nant approach in 
clin i cal use,23 other novel approaches, such as αβ-T-cell graft 
deple tion, have dem on strated sig nif  cant reduc tions in mod er-
ate and severe chronic GVHD.24 Although T-cell deple tion has 
not been shown to increase relapse risk, it is asso ci ated with 
delayed immune recon sti tu tion and higher rates of infec tion-
related mor tal ity,23 which was recently con frmed in a phase 3 
mul ti cen ter Blood and Marrow Transplant Clinical Trials Network 
(BMT CTN) trial.25 In vivo T-cell deple tion with antithymocyte 
glob u lin (ATG) has also been effec tive in reduc ing the inci-
dence of chronic GVHD. Several phase 3 stud ies have con frmed 
reduc tions in chronic GVHD with ATG, with sub se quent supe-
rior qual ity of life and GVHD-free sur vival.26-28 However, con tro-
versy remains on its effect on over all sur vival due to increases 
in relapse and nonrelapse mor tal ity, as well as opti mal dos ing, 
for mu la tion, and depen dency on lym pho cyte count at the time 
of admin is tra tion.28
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The role of donor B cells in chronic GVHD biol ogy has also 
pro vided a strong ratio nale for the eval u a tion of B-cell deple-
tion strat e gies for chronic GVHD pre ven tion. Prior stud ies have 
incor po rated mono clo nal anti-B-cell ther apy as part of the con-
di tion ing reg i men or the peritransplant period with the intent 
of reduc ing relapse of B-cell malig nan cies.29 Although sig nif  cant 
deple tion of B cells and reduced rates of chronic GVHD have 
been reported,30 con cerns over the delayed recon sti tu tion of 
B-cell immu nity and excess infec tions remain a con cern.

Posttransplant cyclo phos pha mide (PTCy) is a promising 
approach used suc cess fully to pre vent GVHD in the HLA- 
mismatched/haploidentical set ting.31 Recent work has pro-
posed that the eff cacy of PTCy is due to the reduc tion of 
alloreactive CD4+ effec tor T-cell pro lif er a tion, impaired func-
tion al ity of sur viv ing CD4+ and CD8+ effec tor T cells, and 
pref er en tial recov ery of CD4+ Treg cells.32 PTCy has been inves-
ti gated both with and with out CNI in the fully HLA-matched 

set ting and has shown itself to be a poten tially effec tive strat-
egy for both acute and chronic GVHD pre ven tion.

The opti mal GVHD pro phy laxis reg i men for the pre ven-
tion of chronic GVHD remains elu sive. A bench mark anal y sis of 
novel GVHD pre ven tion was conducted through the Center for 
International Blood and Marrow Transplant Research to select 
prom is ing agents and new, clin i cally mean ing ful out come mea-
sure ments for fur ther inves ti ga tion through the BMT CTN.33 
Several com pos ite GVHD end points were explored, includ ing 
chronic GVHD relapse-free sur vival (CRFS), which includes sur-
vival with out devel op ment of chronic GVHD, dis ease relapse, or 
death, and GVHD relapse-free sur vival (GRFS), which includes 
sur vival with out acute grade 3 to 4 GVHD, chronic GVHD, dis-
ease relapse, or death. The results of these ana ly ses led to the 
devel op ment of 2 mul ti cen ter BMT CTN clin i cal tri als. PROG-
RESS 1 (BMT CTN 1203) was a ran dom ized phase 2, 3-arm trial 
inves ti gat ing bortezomib/Tac/MTX, maraviroc/Tac/MTX, and 

Figure 1. Proposed biologic phases of chronic GVHD. A few novel therapeutic approaches targeting biologic pathways are highlight-
ed. Reproduced with permission from the Cleveland Clinic Center for Medical Art and Photography.
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PTCy/Tac/MMF in reduced-inten sity HCT, eval u at ing GRFS as 
a pri mary end point. PTCy was asso ci ated with supe rior GRFS 
and had the low est inci dence of chronic GVHD requir ing immu-
no sup pres sion com pared to other arms.34 This led to the ongo-
ing BMT CTN trial 1703 (NCT03959241) phase 3 trial com par ing 
PTCy/Tac/MMF with Tac/MTX, with the pri mary end point of 
GRFS, poten tially establishing a new stan dard of care for GVHD 
pre ven tion. PROGRESS 2 (BMT CTN 1301) was a ran dom ized 
phase 3, open-label, 3-arm trial com par ing CNI-free approaches 
of CD34 selec tion, PTCy, and Tac/MTX, with a pri mary end point 
of CRFS. While there were no sta tis ti cally sig nif  cant dif fer ences 
in CRFS between the 3 approaches, CD34+ selec tion was found 
to be asso ci ated with worse over all sur vival, driven by increased 
infec tion-related mor tal ity.25

Other novel strat e gies
As we work to fur ther under stand the devel op ment of GVHD, we 
now rec og nize sev eral addi tional poten tial tar gets. For exam ple, 
instead of blan ket B- or T-cell deple tion, pre ven tion strat e gies 
to block the devel op ment of path o genic B cells, or to inhibit 
Tfh cells, may bet ter pre vent chronic GVHD with out affect ing 
other out comes. Further, strat e gies to aug ment Tregs, as have 
been reported with novel agents such as IL-2,35 ruxolitinib,36 
hypomethylating agents,37 extra cor po real photopheresis,38 pro-
teasome inhib i tors,39 and adop tive trans fer of Tregs,40 may need 
addi tional explo ra tion. Table 1 pro vi des a sum mary of sev eral 
recently published and ongo ing stud ies that include chronic 
GVHD as a pri mary or as part of a pri mary com pos ite end point.

Development and diag no sis
While the 2005 and 2014 NIH Chronic GVHD Consensus Con-
ference papers established and refned stan dard def  ni tions for 
chronic GVHD diag no sis,5,6 the 2020 Chronic GVHD Consen-
sus Conference fur ther high lighted sev eral impor tant con sid-
er ations in the devel op ment and diag no sis of chronic GVHD, 
focus ing espe cially on the neces sity of early rec og ni tion.41 
These include the need for ear lier clin i cal iden ti f ca tion by both 
pro vid ers and patient/care giv ers, poten tially with the use of 
tech nol ogy such as telehealth and apps, as well as the need 
for bet ter iden ti f ca tion of pre ced ing symp toms or bio mark-
ers asso ci ated with sub se quent more severe/mor bid forms 
of chronic GVHD—includ ing bio mark ers from blood and tis-
sue or fnd ings from imag ing or func tional test ing. Trials spe-
cif  cally inves ti gat ing the devel op ment of chronic GVHD with 
increased mon i tor ing using blood, fluid, tis sue, imag ing, and 
patient-reported symp toms at time points through out trans-
plant to detect early signs of dis ease are cur rently ongo ing 
(NCT04372524, NCT04188912).

The early iden ti f ca tion of symp toms or sub clin i cal indi ca tors 
of chronic GVHD is nec es sary for the pro posed approach of pre
emp tive treat ment of chronic GVHD,42 poten tially allowing for 
the pre ven tion of the more severe and mor bid phe no types of 
chronic GVHD. In a pre ven ta tive/pre emp tive approach with rit-
uximab posttransplant, a mod est decrease in chronic GVHD and 
ste roid-requir ing chronic GVHD was found.30 Ideally, future pre-
emp tive approaches will have the advan tage of directing treat-
ment at patients who have been iden ti fed as at greatest risk, 
allowing for early, more targeted and sub se quently less long-
term, dam ag ing ther apy.

Treatment of established chronic GVHD
Given the het ero ge neous man i fes ta tions of established chron-
ic GVHD, clear guide lines for treat ment are lacking. High-dose 
cor ti co ste roids, typ i cally 0.5 to 1 mg/kg/d, remain the frst-line 
stan dard treat ment for chronic GVHD.3 While there is no cur-
rent evi dence to sup port any ben e ft from addi tional agents 
in the up-front set ting, they are often con sid ered in severe 
cases. The response rate to ste roids alone is about 50%, with 
more than half of patients requir ing sec ond-line ther apy with-
in 2 years. A num ber of sec ond-line agents of vary ing eff cacy 
and toxicities have been inves ti gated over the past sev eral 
decades, high light ing the het ero ge ne ity in prac tice, var i abil-
ity in response rates, and chal lenges in deter min ing the best 
treat ment options.43 Corticosteroids thus remain the stan dard 
despite con tinu ing to be asso ci ated with sev eral short- and 
long-term toxicities, includ ing infec tion, myop a thy, edema, 
hyper gly ce mia, bone loss, avas cu lar necro sis, cat a racts, and 
sleep/mood dis tur bances. In clin i cal prac tice, top i cal ther a pies 
and sup port ive mea sures to min i mize these adverse effects are 
of crit i cal impor tance.44

The ideal treat ment for chronic GVHD con tin ues to be elu-
sive. Goals of ther apy are sev eral in num ber but should include 
symp tom bur den reduc tion and improve ment of qual ity of life, 
pre ven tion of pro gres sion and inflam ma tory activ ity, pre ven tion 
of fbro sis and dis abil ity, pres er va tion of response to allow for 
with drawal of immu no sup pres sion, repair and mod u la tion of the 
immune sys tem, and, ulti mately, improve ment of chronic GVHD 
mor tal ity.

With these aims in mind, the focus of novel chronic GVHD 
treat ment has thus shifted from the use of broad, long-term 
immu no sup pres sion toward the inves ti ga tion of immu no mod u-
la tory agents that tar get path ways rel e vant to the path o phys i  ol-
ogy of the dis ease (Figure 1). Several mul ti cen ter phase 2 and 3 
clin i cal tri als have now inves ti gated mul ti ple agents in the treat-
ment of up-front or ste roid-refrac tory chronic GVHD, and a few 
recently reported tri als are briefly reviewed here.

Ibrutinib is a small-molec u lar tyro sine kinase inhib i tor target-
ing Bruton’s tyro sine kinase (BTK), which plays an impor tant role 
in B-cell recep tor sig nal ing and acti va tion of B cells and T cells. 
A phase 2 trial of ibrutinib in 42 patients with ste roid-refrac tory 
chronic GVHD led to the frst FDA approval of a sec ond-line ther-
apy for chronic GVHD, dem on strat ing an over all response rate 
of 67%. Approximately 71% of respond ers con tin ued to show 
a response for at least 20 weeks, with responses gen er ally 
observed across all  organ sys tems involved.9 Although the num-
ber of patients treated on this trial was rel a tively small, the FDA 
approval of this drug high lights the suc cess of multi-insti tu tional 
col lab o ra tion and phar ma ceu ti cal sup port in devel op ing a trial 
based on pre clin i cal data and clear bio logic mech a nisms, with 
defned clin i cal end points.

Ruxolitinib is a JAK 1/2 inhib i tor that suppresses T-cell acti va-
tion by inhibiting cyto kine recep tor-medi ated sig nal ing for a vari-
ety of proinflammatory cyto kines and is cur rently FDA approved 
for the treat ment of ste roid-refrac tory acute GVHD.36 A phase 3 
study of ruxolitinib vs best avail  able ther apy (BAT) in ste roid-
refrac tory chronic GVHD was recently reported,45 dem on strat ing 
an over all response rate of 50% com pared to 26% in the BAT arm. 
Failure-free sur vival was sig nif  cantly lon ger for ruxolitinib-treated 
patients, and symp tom improve ment was greater with ruxolitinib 
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com pared to BAT (24% vs 11%). Based on the results of this study, 
ruxolitinib has been granted pri or ity review by the FDA for the 
treat ment of chronic GVHD, and an FDA deci sion on drug approval 
is expected before the end of the year.

Belumosudil is an oral selec tive rho-asso ci ated coiled-coil 
kinase 2 (ROCK) inhib i tor targeting Tfh-cell gen er a tion and thus 
B-cell dif fer en ti a tion and sur vival. Results of the phase 2 trial 
of belumosudil in ste roid-refrac tory chronic GVHD were also 
recently reported,46 dem on strat ing an over all response rate of 
74% in heavily pretreated patients. Responses were seen across 
all  affected organs, and of respond ers, 49% maintained response 
for at least 20 weeks. Failure-free sur vival was 77% at 6 months. 
Based on the results of this study, belumosudil has also been 
granted pri or ity review by the FDA.

The need to inves ti gate other novel ther a pies either targeted 
toward fbro sis or already being devel oped for other fbrotic dis-
eases has been rec og nized. For exam ple, pirefenidone, which 
inhib its transforming growth fac tor β sig nal ing, is cur rently FDA 
approved for idi o pathic pul mo nary fbro sis and has been shown 
in mouse mod els to restore pul mo nary func tion and reverse lung 
fbro sis. Its study in chronic GVHD-related bronchiolitis obliter-
ans is ongo ing (NCT03315741). Axatilimab is a mono clo nal anti-
body against CSF-1, which reg u lates mono cyte dif fer en ti a tion 
into mac ro phages pro mot ing fbro sis, and has been shown to 
have poten tial eff cacy in heavily pretreated chronic GVHD. A 
phase 2 study fur ther eval u at ing this is ongo ing (NCT03604692). 
Table 2 sum ma rizes sev eral other up-front and ste roid-refrac tory 
chronic GVHD tri als.

Despite our improved under stand ing of chronic GVHD, it 
remains a com plex dis ease marked by sig nif  cant immune dys-
func tion, dis abil ity, and toxicities, and chronic GVHD-related 
non-relapse mortality keeps ris ing over time.47 Practically, the 
choice of frst- and sec ond-line ther apy con tin ues to depend on 
phy si cian pref er ences and clin i cal expe ri ence, patient dis ease 
his tory and comorbidities, cost/avail abil ity of treat ment, and 
access to clin i cal tri als. As we prog ress away from broad immu-
no sup pres sion, there remains a need to inves ti gate agents 
that tar get the bio logic path ways rel e vant to the path o phys-
i  ol ogy of dis ease and chronic GVHD symp toms; to ulti mately 
under stand which drug will work when. The iden ti f ca tion and 
use of blood and tis sue bio mark ers, imag ing, and other novel 
approaches can bet ter iden tify spe cifc clin i cal and bio logic 
phe no types to dif fer en ti ate chronic GVHD and work toward a 
more tai lored, per son al ized ther apy for patients.

Reflecting back to our clin i cal case, this sce nario dem on-
strates sev eral aspects of chronic GVHD devel op ment, evo lu-
tion, and treat ment chal lenges and high lights the impor tance of 
under stand ing the goals of ther apy from both a patient and pro-
vider per spec tive. While broad immu no sup pres sion may reduce 
symp tom bur den and decrease inflam ma tory activ ity in the 
short term, there remains a need to fur ther inves ti gate targeted 
agents to pre serve func tion, pro vide a prolonged response to 
allow for the with drawal of med i ca tions, pre vent dis abil ity, and 
ulti mately improve qual ity of life and over all mor tal ity. The con-
tin ued under stand ing of bio logic mech a nisms through multi-
insti tu tional col lab o ra tive pre clin i cal studies, clin i cal tri als with 

Table 1. Recently published and ongo ing pre ven tion stud ies with chronic GVHD as a pri mary end point

Phase Prevention reg i men Primary end point/out come Reference or NCT num ber

Phase 3 ATG vs no ATG with CSA/MTX Chronic GVHD at 2 years: 32.2% (ATG) vs 68.7% (no ATG), P < .001 26

Phase 3 ATG vs no ATG with CNI/MTX Freedom from sys temic immu no sup pres sion with out resump tion 
up to 12 months: 37% (ATG) vs 16% (no ATG), OR 4.25, P = .0006

27

Phase 3 ATG vs no ATG with Tac/MTX Moderate-severe chronic GVHD-free sur vival: 48% (ATG) vs 44% 
(no ATG), P = .47

28

Phase 2 PTCy/CSA Chronic GVHD requir ing sys temic treat ment: 16% (95% CI, 5%-
28%)

48

Phase 2 PTCy/Tac/MMF vs bortezomib/Tac/MTX 
vs maraviroc/Tac/MTX

GRFS: HR 0.72, P = .04 (PTCy/Tac/MMF) vs HR 0.98, 
P = .92 (bortezomib/Tac/MTX) vs HR 1.10, P = .49 
(maraviroc/Tac/MTX)

49

Phase 2 Rituximab (D100, 6, 9, 12 months) post-HCT Chronic GVHD: 48%, chronic GVHD requir ing ste roids: 31% 30

Phase 3 CD34 selec tion vs PTCy vs Tac/MTX CRFS: 60.2% (CD34), 60.3% (PTCy), 56.6% (Tac/MTX), P = .72 25

Phase 1/2 Ixazomib/Tac/Sir Moderate/severe chronic GVHD NCT03225417

Phase 2 Palifermin Chronic GVHD NCT02356159

Phase 2 Obinutuzumab Chronic GVHD requir ing ste roids NCT02867384

Phase 2 Ixazomib/CNI/MTX Acute or chronic GVHD NCT03082677

Phase 2 PTCy/Tac/MMF GRFS NCT03128359

Phase 2 PTCy/Sir/MMF Extensive chronic GVHD NCT03192397

Phase 2 Tocilizumab/Tac/MTX GRFS NCT03699631

Phase 2 Ex vivo deple tion of CD45RA+ 
cells/Tac/MTX

GRFS NCT03779854

Phase 3 Atorvastatin/Tac/MTX Chronic GVHD NCT03066466

Phase 3 PTCy/Tac/MMF vs Tac/MTX GRFS NCT03959241

CSA, cyclosporine.
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care ful cor rel a tive stud ies of blood, fluid, tis sue sam ples, imag-
ing, and patient-reported symp toms—are nec es sary to achieve 
a more per son al ized approach to the pre ven tion and treat ment 
of chronic GVHD.

Conflict-of-inter est dis clo sure
Betty K. Hamilton: con sul tancy: Syndax, Equilium.

Off-label drug use
Betty K. Hamilton: none.

Correspondence
Betty K. Hamilton, Blood and Marrow Transplant Program, Hema-
tology and Medical Oncology, Taussig Cancer Institute, Cleve-
land Clinic, 9500 Euclid Ave, Cleveland, OH 44195; e-mail: ham-
iltb2@ccf  .org.

References
1. Arai S, Arora M, Wang T, et al; Graft-ver sus-Host Disease Working Com-

mittee of the CIBMTR. Increasing inci dence of chronic graft-ver sus-host 
dis ease in allo ge neic trans plan ta tion: a report from the Center for Inter-
national Blood and Marrow Transplant Research. Biol Blood Marrow Trans
plant. 2015;21(2):266-274.

2. Pidala J, Kurland B, Chai X, et al. Patient-reported qual ity of life is asso-
ci ated with sever ity of chronic graft-ver sus-host dis ease as mea sured by 
NIH cri te ria: report on base line data from the Chronic GVHD Consortium. 
Blood. 2011;117(17):4651-4657.

3. Flowers ME, Martin PJ. How we treat chronic graft-ver sus-host dis ease. 
Blood. 2015;125(4):606-615.

4. Wingard JR, Majhail NS, Brazauskas R, et al. Long-term sur vival and late 
deaths after allo ge neic hema to poi etic cell trans plan ta tion. J Clin Oncol. 
2011;29(16):2230-2239.

5. Filipovich AH, Weisdorf D, Pavletic S, et al. National Institutes of Health 
con sen sus devel op ment pro ject on cri te ria for clin i cal tri als in chronic 
graft- ver sus-host dis ease, I: Diagnosis and Staging Working Group 
report. Biol Blood Marrow Transplant. 2005;11(12):945-956.

6. Jagasia MH, Greinix HT, Arora M, et al. National Institutes of Health con sen-
sus devel op ment pro ject on cri te ria for clin i cal tri als in chronic graft-ver-
sus-host dis ease, I: the 2014 Diagnosis and Staging Working Group report. 
Biol Blood Marrow Transplant. 2015;21(3):389-401.e1.

7. Pavletic SZ, Martin P, Lee SJ, et al; Response Criteria Working Group. Mea-
suring ther a peu tic response in chronic graft-ver sus-host dis ease: National 
Institutes of Health con sen sus devel op ment pro ject on cri te ria for clin i cal 
tri als in chronic graft-ver sus-host dis ease, IV: Response Criteria Working 
Group report. Biol Blood Marrow Transplant. 2006;12(3):252-266.

8. Lee SJ, Wolff D, Kitko C, et al. Measuring ther a peu tic response in chronic 
graft-ver sus-host dis ease. National Institutes of Health con sen sus devel-
op ment pro ject on cri te ria for clin i cal tri als in chronic graft-ver sus-host 
dis ease, IV: the 2014 Response Criteria Working Group report. Biol Blood 
Marrow Transplant. 2015;21(6):984-999.

9. Miklos D, Cutler CS, Arora M, et al. Ibrutinib for chronic graft-ver sus-host 
dis ease after fail ure of prior ther apy. Blood. 2017;130(21):2243-2250.

10. Flowers ME, Inamoto Y, Carpenter PA, et al. Comparative anal y sis of risk 
fac tors for acute graft-ver sus-host dis ease and for chronic graft-ver sus-
host dis ease according to National Institutes of Health con sen sus cri te ria. 
Blood. 2011;117(11):3214-3219.

11. Zeiser R, Blazar BR. Preclinical mod els of acute and chronic graft-ver sus-
host dis ease: how pre dic tive are they for a suc cess ful clin i cal trans la tion? 
Blood. 2016;127(25):3117-3126.

Table 2. Active ongo ing stud ies for sys temic treat ment in up-front or ste roid-refrac tory chronic GVHD

Phase Treatment Drug mech a nism/ 
tar get Indication Enrollment Primary end point NCT num ber

Pilot Itacitinib JAK inhib i tor Steroid refrac tory 40 ORR at 6 months NCT04200365

Phase 2 Itacitinib and ECP JAK inhib i tor, Treg Up-front 58 ORR at 24 weeks; 
dose-lim it ing tox ic ity

NCT0446182

Phase 1 SHR0302 JAK inhib i tor Up-front 30 Adverse events NCT04146207

Phase 1 Abatacept T-cell costim block-
ade

Steroid refrac tory 22 Maximum tol er ated dose NCT01954979

Phase 
2/3

Itacitinib JAK inhib i tor Up-front 431 Dose deter mi na tion; 
ORR at 6 months

NCT03584516

Phase 2 Mesenchymal stem cells Immunomodulatory Up-front 152 ORR at 12 weeks NCT04692376

Phase 2 IL-2 and ECP Treg Steroid refrac tory 24 ORR at 4 weeks NCT03007238

Phase 1/2 Ofatumumab CD20 B-cell anti body Up-front 44 ORR at 6 months; max i-
mum tol er ated dose

NCT010680965

Phase 2 KD025 (belumosudil) ROCK inhib i tor Steroid refrac tory 166 ORR at 6 months NCT03640481

Phase 2 Acalabrutinib BTK inhib i tor Recurrent/pro gres sive 50 Best response at 6 
months

NCT04198922

Phase 1/2 Glasdegib Hedgehog sig nal ing 
inhib i tor

Sclerosis/ste roid-
refrac tory

21 Maximum tol er ated dose NCT03415867

Phase 2 Ibrutinib/rituximab BTK inhib i tor/CD20 
B-cell anti body

Up-front 35 Off immu no sup pres sion 
at 8 weeks

NCT04235036

Phase 1 Leflunomide Immunomodulatory Steroid depen dent 24 Dose-lim it ing tox ic ity NCT04212416

Phase 2 Axalitimab CSF-1 inhib i tor Steroid refrac tory 210 ORR at 6 months NCT04710576

Phase 2 Ibrutinib BTK inhib i tor Up-front 40 ORR at 6 months NCT04294641

Phase 1/2 Baricitinib JAK inhib i tor Steroid refrac tory 31 Safety and eff cacy NCT02759731

Phase 3 Ruxolitinib JAK inhib i tor Steroid refrac tory 330 ORR at day 168 NCT03112603

ECP, extracorporeal photopheresis; ORR, overall response rate; ROCK, rho-asso ci ated coiled-coil kinase.

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/648/1851934/648ham
ilton.pdf by guest on 05 M

ay 2024

mailto:hamiltb2@ccf.org
mailto:hamiltb2@ccf.org


654 | Hematology 2021 | ASH Education Program

12. MacDonald KP, Hill GR, Blazar BR. Chronic graft-ver sus-host dis ease: bio log-
i cal insights from pre clin i cal and clin i cal stud ies. Blood. 2017;129(1):13-21.

13. Zeiser R, Blazar BR. Pathophysiology of chronic graft-ver sus-host  dis ease 
and ther a peu tic tar gets. N Engl J Med. 2017;377(26):2565-2579.

14. Cooke KR, Luznik L, Sarantopoulos S, et al. The biol ogy of chronic graft-ver-
sus-host dis ease: a task force report from the National Institutes of Health 
con sen sus devel op ment pro ject on cri te ria for clin i cal tri als in chronic graft-
ver sus-host dis ease. Biol Blood Marrow Transplant. 2017;23(2):211-234.

15. Khoder A, Sarvaria A, Alsuliman A, et al. Regulatory B cells are enriched 
within the IgM mem ory and tran si tional sub sets in healthy donors but are 
def cient in chronic GVHD. Blood. 2014;124(13):2034-2045.

16. Sarantopoulos S, Stevenson KE, Kim HT, et al. High lev els of B-cell acti-
vat ing fac tor in patients with active chronic graft-ver sus-host dis ease.  
Clin Cancer Res. 2007;13(20):6107-6114.

17. Alexander KA, Flynn R, Lineburg KE, et al. CSF-1-depen dent donor-derived 
mac ro phages medi ate chronic graft-ver sus-host dis ease. J Clin Invest. 
2014;124(10):4266-4280.

18. Hamilton BK, Liu Y, Hemmer MT, et al. Inferior out comes with cyclo spor ine 
and mycophenolate mofetil after myeloablative allo ge neic hema to poi etic 
cell trans plan ta tion. Biol Blood Marrow Transplant. 2019;25(9):1744-1755.

19. Sorror ML, Leisenring W, Deeg HJ, Martin PJ, Storb R. Twenty-year fol low-
up of a con trolled trial com par ing a com bi na tion of meth o trex ate plus 
cyclo spor ine with cyclo spor ine alone for pro phy laxis of graft-ver sus-host 
dis ease in patients admin is tered HLA-iden ti cal mar row grafts for leu ke mia. 
Biol Blood Marrow Transplant. 2005;11(10):814-815.

20. Jenkins MK, Schwartz RH, Pardoll DM. Effects of cyclo spor ine A on T cell 
devel op ment and clonal dele tion. Science. 1988;241(4873):1655-1658.

21. Zeiser R, Nguyen VH, Beilhack A, et al. Inhibition of CD4+CD25+ reg u la tory 
T-cell func tion by calcineurin-depen dent inter leu kin-2 pro duc tion. Blood. 
2006;108(1):390-399.

22. Ferrara JL, Anasetti C, Stadtmauer E, et al. Blood and Marrow Transplant 
Clinical Trials Network State of the Science Symposium 2007. Biol Blood 
Marrow Transplant. 2007;13(11):1268-1285.

23. Tamari R, Oran B, Hilden P, et al. Allogeneic stem cell trans plan ta tion for 
advanced myelodysplastic syn drome: com par i son of out comes between 
CD34+ selected and unmod i fed hema to poi etic stem cell trans plan ta tion. 
Biol Blood Marrow Transplant. 2018;24(5):1079-1087.

24. de Witte MA, Janssen A, Nijssen K, et  al. αβ T-cell graft deple tion for 
allo ge neic HSCT in adults with hema to log i cal malig nan cies. Blood Adv. 
2021;5(1):240-249.

25. Pasquini M, Luznik L, Logan B, et  al. Calcineurin inhib i tor-free graft-ver-
sus-host dis ease (GVHD) pro phy laxis in hema to poi etic cell trans plan ta tion 
(HCT) with myeloablative con di tion ing reg i mens (MAC) and HLA-matched 
donors: results of the BMT CTN 1301 PROGRESS II trial [ab stract].  Transplant 
Cell Ther. 2021;27(3 suppl). TCT abstract LBA1. Accessed 30 August 2021. 
https:  /  /www  .hematologyandoncology  .net  /supplements  /highlights  -in 
 -graft  -vs  -host  -disease  -from  -the  -2021  -transplantation  -cellular  -therapy  -tct 
 -meetings  -of  -the  -astct  -and  -the  -cibmtr  /.

26. Kröger N, Solano C, Wolschke C, et al. Antilymphocyte glob u lin for pre ven-
tion of chronic graft-ver sus-host dis ease. N Engl J Med. 2016;374(1):43-53.

27. Walker I, Panzarella T, Couban S, et al; Cana dian Blood and Marrow 
Trans plant Group. Pretreatment with anti-thy mo cyte glob u lin ver sus no 
anti-thy mo cyte glob u lin in patients with haematological malig nan cies 
under go ing haemopoietic cell trans plan ta tion from unre lated donors: 
a randomised, con trolled, open-label, phase 3, multicentre trial. Lancet 
Oncol. 2016;17(2):164-173.

28. Soiffer RJ, Kim HT, McGuirk J, et  al. Prospective, ran dom ized, dou ble-
blind, phase III clin i cal trial of anti-T-lym pho cyte glob u lin to assess impact 
on chronic graft-ver sus-host dis ease-free sur vival in patients under go ing 
HLA-matched unre lated myeloablative hema to poi etic cell trans plan ta-
tion. J Clin Oncol. 2017;35(36):4003-4011.

29. Laport GG, Wu J, Logan B, et al; Blood and Marrow Transplant Clinical Trials 
Network. Reduced-inten sity con di tion ing with fludarabine, cyclo phos pha-
mide, and high-dose rituximab for allo ge neic hema to poi etic cell trans plan-
ta tion for fol lic u lar lym phoma: a phase two mul ti cen ter trial from the Blood 
and Marrow Transplant Clinical Trials Network. Biol Blood Marrow Trans
plant. 2016;22(8):1440-1448.

30. Cutler C, Kim HT, Bindra B, et al. Rituximab pro phy laxis pre vents cor ti co-
ste roid-requir ing chronic GVHD after allo ge neic periph eral blood stem cell 
trans plan ta tion: results of a phase 2 trial. Blood. 2013;122(8):1510-1517.

31. Luznik L, Jalla S, Engstrom LW, Iannone R, Fuchs EJ. Durable engraft ment 
of major his to com pat i bil ity com plex-incom pat i ble cells after nonmyeloab-
lative con di tion ing with fludarabine, low-dose total body irra di a tion, and 
posttransplantation cyclo phos pha mide. Blood. 2001;98(12):3456-3464.

32. Nunes NS, Kanakry CG. Mechanisms of graft-ver sus-host dis ease pre ven-
tion by post-trans plan ta tion cyclo phos pha mide: an evolv ing under stand-
ing. Front Immunol. 2019;10(Novem ber):2668.

33. Pasquini MC, Logan B, Jones RJ, et al. Blood and mar row trans plant clin i cal 
tri als net work report on the devel op ment of novel end points and selec-
tion of prom is ing approaches for graft-ver sus-host dis ease pre ven tion tri-
als. Biol Blood Marrow Transplant. 2018;24(6):1274-1280.

34. Bolanos-Meade J, Reshef R, Fraser RB, et al. Novel approaches for graft-
ver sus-host dis ease (GVHD) pro phy laxis: pri mary results of prog ress I 
mul ti cen ter trial of matched allo ge neic hema to poi etic cell trans plan ta-
tion (alloHCT) using reduced inten sity con di tion ing (RIC) BMT CTN 1203. 
Abstract presented at: BMT Tandem Scientifc Meeting; 25 Feb ru ary 2018; 
Salt Lake City, UT. Late Breaking Abstracts. Accessed 30 August 2021. 
https:  /  /bmt  .confex  .com  /tandem  /2018  /meetingapp  .cgi  /Paper  /11767.

35. Matsuoka K, Koreth J, Kim HT, et al. Low-dose inter leu kin-2 ther apy restores 
reg u la tory T cell homeo sta sis in patients with chronic graft-ver sus-host dis-
ease. Sci Transl Med. 2013;5(179):179ra43.

36. Zeiser R, Socié G. The devel op ment of ruxolitinib for glu co cor ti coid-refrac-
tory acute graft-ver sus-host dis ease. Blood Adv. 2020;4(15):3789-3794.

37. Goodyear OC, Dennis M, Jilani NY, et al. Azacitidine aug ments expan sion of 
reg u la tory T cells after allo ge neic stem cell trans plan ta tion in patients with 
acute mye loid leu ke mia (AML). Blood. 2012;119(14):3361-3369.

38. Bruserud O, Tvedt TH, Paulsen PQ , et  al. Extracorporeal photopheresis 
(photochemotherapy) in the treat ment of acute and chronic graft ver-
sus host dis ease: immu no log i cal mech a nisms and the results from clin i cal 
stud ies. Cancer Immunol Immunother. 2014;63(8):757-777.

39. Blanco B, Pérez-Simón JA, Sánchez-Abarca LI, et al. Treatment with bor-
tezomib of human CD4+ T cells pre serves nat u ral reg u la tory T cells and 
allows the emer gence of a dis tinct sup pres sor T-cell pop u la tion. Haema
tologica. 2009;94(7):975-983.

40. Di Ianni M, Falzetti F, Carotti A, et al. Tregs pre vent GVHD and pro mote 
immune recon sti tu tion in HLA-haploidentical trans plan ta tion. Blood. 2011; 
117(14):3921-3928.

41. Kitko CL, Pidala J, Schoemans HM, et  al. National Institutes of Health 
con sen sus devel op ment pro ject on cri te ria for clin i cal tri als in chronic 
graft-ver sus-host dis ease, IIa: the 2020 Clinical Implementation and Early 
Diagnosis Working Group report: NIH cGVHD WG2a. Transplant Cell Ther. 
2021;27(7):545-557.

42. Pidala J, Kitko C, Lee SJ, et al. National Institutes of Health con sen sus devel-
op ment pro ject on cri te ria for clin i cal tri als in chronic graft-ver sus-host dis-
ease, IIb: the 2020 Preemptive Therapy Working Group report. Transplant 
Cell Ther. 2021;27(8):632-641.

43. Wolff D, Schleuning M, von Harsdorf S, et al. Consensus con fer ence on 
clin i cal prac tice in chronic GVHD: sec ond-line treat ment of chronic graft- 
ver sus-host dis ease. Biol Blood Marrow Transplant. 2011;17(1):1-17.

44. Carpenter PA, Kitko CL, Elad S, et  al. National Institutes of Health con-
sen sus devel op ment pro ject on cri te ria for clin i cal tri als in chronic graft-
ver sus-host dis ease, V: the 2014 Ancillary Therapy and Supportive Care 
Working Group report. Biol Blood Marrow Transplant. 2015;21(7):1167-1187.

45. Zeiser RP, Ram N, Hasmi R, et al. Ruxolitinib (RUX) vs best avail  able ther apy 
(BAT) in patients with ste roid-refrac tory/ste roid-depen dent chronic graft-
vs-host dis ease (cGVHD): pri mary fnd ings from the phase 3, ran dom ized 
REACH3 study. Blood. 2020;136(suppl 1):22-24.

46. Cutler C, Lee SJ, Arai S, et  al. Belumosudil for chronic graft-ver sus-host 
dis ease (cGVHD) after 2 or more prior lines of ther apy: the Rockstar Study 
(KD025-213). Blood. 2020;136(suppl 1):45-46.

47. DeFilipp Z, Onstad L, Arai S, et al. Non-relapse mor tal ity among patients 
diag nosed with chronic graft-ver sus-host dis ease: an updated anal y sis from 
the chronic GVHD con sor tium. Transplant Cell Ther. 2021;27(3):S79-S80.

48. Mielcarek M, Furlong T, O’Donnell PV, et al. Posttransplantation cyclo phos-
pha mide for pre ven tion of graft-ver sus-host dis ease after HLA-matched 
mobi lized blood cell trans plan ta tion. Blood. 2016;127(11):1502-1508.

49. Bolaños-Meade J, Reshef R, Fraser R, et al. Three pro phy laxis  reg i mens (tac-
rolimus, mycophenolate mofetil, and cyclo phos pha mide;  tacrolimus, 
meth o trex ate, and bortezomib; or tacrolimus, meth o trex ate, and maraviroc) 
ver sus tacrolimus and meth o trex ate for pre ven tion of graft-ver sus-host dis-
ease with haemopoietic cell trans plan ta tion with reduced-inten sity con di-
tion ing: a randomised phase 2 trial with a non-randomised con tem po ra ne ous 
con trol group (BMT CTN 1203). Lancet Haematol. 2019;6(3):e132-e143.

© 2021 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2021000301

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2021/1/648/1851934/648ham
ilton.pdf by guest on 05 M

ay 2024

https://www.hematologyandoncology.net/supplements/highlights-in-graft-vs-host-disease-from-the-2021-transplantation-cellular-therapy-tct-meetings-of-the-astct-and-the-cibmtr/
https://www.hematologyandoncology.net/supplements/highlights-in-graft-vs-host-disease-from-the-2021-transplantation-cellular-therapy-tct-meetings-of-the-astct-and-the-cibmtr/
https://www.hematologyandoncology.net/supplements/highlights-in-graft-vs-host-disease-from-the-2021-transplantation-cellular-therapy-tct-meetings-of-the-astct-and-the-cibmtr/
https://bmt.confex.com/tandem/2018/meetingapp.cgi/Paper/11767

