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 Dear Editor,

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a crucial
curative  method  to  treat  hematologic  malignancies  and  non-malignant
hematologic disorder.1,2 However, chronic graft-versus-host disease (cGVHD)
is unavoidable and in severe cases, cGVHD can negatively influence the qual-
ity of life 3 and cause transplant-related mortality.

Liver is one of the most frequently affected organs in cGVHD (Figure 1A).
According  to  the  National  Institutes  of  Health  (NIH)  criteria,  severe  liver
cGVHD is defined as an elevated bilirubin beyond 51.3 μmol/L (3 mg/dL). The

incidence rate of severe liver cGVHD is 5.8% among allo-HSCT patients, and
11% among patients with cGVHD (Figure 1B). The prognosis of patients with
severe liver cGVHD is poor, and the 5-year probability of overall survival (OS)
is only 30% for these patients (Figure 1B). Particularly, treatments for cGVHD
patients with bilirubin above 100 μmol/L are extremely difficult, and the prog-
nosis of these patients is particularly poor.

Corticosteroid  combined  with  calcineurin  inhibitor  (CNI)  is  the  primary
treatment for severe liver cGVHD, but the response rate is low, at only 30%. At
present,  there  is  no  standard  salvage  treatment  (i.e.,  second-line  treatment)
for  patients  who  fail  to  show  response  to  initial  treatment.  The  overall

response  rate  (ORR)  of  commonly  used
salvage  treatment  for  liver  cGVHD  (e.g.,
methotrexate  [MTX],  ruxolitinib,4 and
mesenchymal  stem cells),  were 57.1%,  65.7%,
and 42.9%, respectively.  However,  these stud-
ies  did  not  provide  information  on  patients
with  severe  liver  cGVHD.  There  is  no  widely
accepted  treatment  for  patients  with  severe
liver cGVHD.

Interleukin-2  (IL-2)  antagonist  is  one  of  the
most  important  drugs  for  the  treatment  of
acute  GVHD.5 The ORR  of  basiliximab  treat-
ment,  in  combination  with  corticosteroid  and
CNI,  was  56.1%  among  patients  with  liver
acute GVHD.6 This suggested that basiliximab
could enhance the immunosuppressive inten-
sity  of  corticosteroid  and  CNI,  which  helped
with controlling liver GVHD. However, no study
had been done to explore the efficacy of basil-
iximab treatment in patients with cGVHD.

Therefore, in this prospective, pilot study, we
aimed  to  identify  the  efficacy  and  safety  of
basiliximab  treatment,  in  combination  with
corticosteroid and CNI, in patients with severe

 

Figure 1.  The  summarize  of  liver  chronic  GVHD,
and the  protocol  and  results  of  basiliximab  treat-
ment  in  the  present  study (A)  The  pathogenesis  of
liver chronic GVHD. �(B) The incidence and mortality
rates of severe liver chronic GVHD. (C) The protocol
of  basiliximab  treatment  in  the  present  study.  (D)
The  rates  of  ORR  and  CR  of  basiliximab  treatment
for  patients  in  Group  1  and  Group  2;  for  patients
receiving basiliximab �≤ 4 weeks and > 4 weeks after
liver cGVHD diagnosis; and for patients in the basil-
iximab group and in the control  group.  The rates of
any infection for patients in Group 1 and Group 2; for
those receiving ≤ 5 doses and > 5 doses of  basilix-
imab; and for  those achieving ORR and not  achiev-
ing ORR after  basiliximab treatment.  (E)  The 2-year
overall survival for patients in the basiliximab group
and  in  the  control  group.  (F)  The  hematologic  and
infectious  toxicities  for  patients  in  the  basiliximab
group and in the control group.
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liver cGVHD.
Patients  who  received  allo-HSCT  at  Institute  of  Hematology,  Peking

University (PUIH) from January 1st, 2020 to May 31st, 2022 were eligible. The
inclusion criteria were as followed: 1) patients diagnosed with cGVHD; 2) new
onset jaundice,  with an elevated bilirubin above 51.3 μmol/L,  after ruling out
other  causes  of  liver  diseases.  Exclusion  criteria  were  as  followed:  1)  those
with new onset jaundice caused by liver diseases other than GVHD; 2) mild to
moderate liver cGVHD, that was an elevated bilirubin ≤ 51.3 μmol/L; or 3) not
agreeing  to  receiving  regular  follow-ups.  The  preconditioning  regimen  and
GVHD  prevention  regimen  have  been  reported  before.7 For  patients  with
severe liver cGVHD, the initial treatment included corticosteroid and CNI.

Basiliximab (Simulect;  Novartis  Pharma AG,  Basel,  Switzerland)  was used
as  an  add-on  immunosuppressive  therapy,  in  addition  to  steroid  and  CNI
(Figure 1C). Specifically, basiliximab could be added directly after the admin-
istration of corticosteroid and CNI (Group 1),  or be added after the adminis-
tration of corticosteroid, CNI, and other systemic immunosuppressants (e.g.,
mycophenolate mofetil,  MTX, ruxolitinib)  (Group 2).  In Group 1 and Group 2,
patients  received  basiliximab  treatment  within  4  and  8  weeks,  respectively,
after  the  administration  of  corticosteroid  and  CNI.  Patients  were  placed  in
Group 1 or Group 2 at the discretion of the doctors. Basiliximab was given to
adults and children weighing 35 kg or more at a dosage of 20 mg, and 10 mg
for children weighing less than 35 kg. Basiliximab was administered on days
1,  3,  and  8,  and  the  injection  was  repeated  weekly  thereafter.  Complete
response  (CR)  was  defined  as  a  decrease  in  bilirubin  levels  to  within  the
normal range. Partial response (PR), and non-response (NR), were evaluated
according to the criteria of Duarte et al.8 ORR included both CR and PR. The
Common  Terminology  Criteria  for  Adverse  Events  (CTCAE)  version  5.0  was
used to evaluate adverse events after treatment.

Twenty  patients  with  severe  liver  cGVHD  received  basiliximab  treatment
(more detailed information can be found at Table 1, https://github.com/shen-
mengzhu/letter-bax.git).  Eleven  patients  had  liver  cGVHD  induced  by
immunotherapies 9 after allo-HSCT (donor lymphocyte infusion: 10; interferon-
α treatment: 1). Thirteen patients received basiliximab treatment directly after
the  administration  of  corticosteroid  and  CNI  (Group  1),  and  7  patients
received basiliximab treatment after the administration of corticosteroid, CNI,
and  other  systemic  immunosuppressants  (Group  2).  In  Group  1,  patients
received basiliximab treatment 9 (range, 7 to 18) days after liver cGVHD diag-
nosis, with the bilirubin level at 89.3 (range, 52.0 to 177.0) μmol/L. In Group 2,
patients  received  basiliximab treatment  15  (range,  14  to  49)  days  after  liver
cGVHD  diagnosis,  with  the  bilirubin  level  at  102.7  (range,  83.8  to  216.4)
μmol/L. The doses of basiliximab and other variables were almost all compa-
rable between Group 1 and Group 2 (https://github.com/shenmengzhu/letter-
bax.git). Sixteen (80.0%) and fourteen (70.0%) patients achieved ORR and CR
after  basiliximab treatment,  respectively.  In  subgroup analysis,  the ORR and
CR was 76.9% versus 85.7% (P = 1.000) and 69.2% versus 71.4% (P = 1.000),
respectively,  for  patients  in  Group  1  and  Group  2  (Figure  1D);  which  was
83.3% versus 50.0% (P = 0.368) and 77.8% versus 0.0% (P = 0.079), respec-
tively, for patients receiving basiliximab treatment within 4 weeks and beyond
4 weeks after liver cGVHD diagnosis (Figure 1D).

The  2-year  cumulative  incidence  of  relapse  and  GVHD-related  mortality
after basiliximab treatment was 36.7% (95% CI 0.0 to 76.8%) and 12.5% (95%
CI  0.0  to  29.3%),  respectively.  The  2-year  probability  of  OS after  basiliximab
treatment  was  84.4% (95% CI  68.1  to  100.0%),  where  Group 1  and  Group 2
had  probabilities  of  75.2%  (95%CI  50.5%  to  99.9%)  and  100.0%  (P =  0.131),
respectively.  The 2-year probabilities of OS after basiliximab treatment were
82.5% (95%CI  64.5%  to  100.0%)  and  100.0%  for  patients  receiving  basilix-
imab treatment within 4 weeks and beyond 4 weeks after liver cGVHD diag-
nosis,  respectively  (P =  0.463).  Patients  who  achieved  ORR  had  a  trend  of
higher 2-year probability of OS after basiliximab treatment compared to those
who  did  not  (92.9%,  95%CI  79.4%  to  100.0%  versus  50.0%,  95%  CI  1.0%  to
99.0%, P = 0.058).

The rates of neutropenia, anemia and thrombocytopenia were found to be
25.0%, 30.0%, and 25.0%, respectively,  after basiliximab treatment. The rates
of  any  infection,  viral  infection,  bacterial  infection,  and  fungal  infection  were
45.0%, 35.0%, 30.0%, and 10.0%, respectively, after basiliximab treatment. The
rates  of  any  infection  were  38.5%  in  Group  1  and  57.1%  in  Group  2  (P =
0.642);  37.5%  for  patients  receiving  ≤  5  doses  of  basiliximab  and  75.0%  for
those receiving > 5 doses (P = 0.285);  and 50.0% for  patients who achieved
ORR after basiliximab treatment and 25.0% for those who did not (P = 0.591)

(Figure 1D).
Ten  patients  who  were  diagnosed  with  severe  liver  cGVHD  but  did  not

receive basiliximab treatment during the same time period were included as
control, and  were  propensity-matched  (1:2)  to  those  who  received  basilix-
imab  treatment  using  the  nearest-neighbor  method  and  a  2%  caliper
(https://github.com/shenmengzhu/letter-bax.git). The  initial  and  peak  biliru-
bin  levels  of  patients  in  the  control  group  were  54.1  (range  23.3  to  168.8)
μmol/L and 190.9 (range 91.4 to 554.0) μmol/L, respectively. The rate of ORR
(80.0% vs. 40.0%, P = 0.045) and CR (70.0% vs. 20.0%, P = 0.019) in patients
receiving  basiliximab  treatment  were  both  significantly  higher  than  those  in
the  control  group  (Figure  1D).  In  addition,  patients  in  the  basiliximab  group
showed a higher 2-year probability of OS (84.4%, 95% CI 68.1 to 100.0%) than
those in the control group (40.0%, 95% CI 9.6 to 70.4%, P = 0.037) (Figure 1E).
Four  patients  in  the  basiliximab  group  died,  with  two  deaths  attributed  to
cGVHD  and  another  two  to  relapse.  In  the  control  group,  there  were  six
deaths,  where  three  patients  died  of  cGVHD  and  another  three  died  of
relapse. Patients in the basiliximab group (12.5%, 95% CI 0.0 to 29.3%) had a
trend of lower cumulative incidence in GVHD-related mortality than those in
the control  group (50.0%,  95% CI  3.4  to  96.6%, P =  0.107).  The hematologic
and  infectious  toxicities  were  similar  between  the  basiliximab  and  control
group (Figure 1F).

In  this  study,  we  firstly  reported  that  basiliximab  could  help  to  control
severe  liver  cGVHD where  the  rates  of  hematologic  and infectious  toxicities
were both comparable between the basiliximab group and the control group.
Mo et al. 6,10 had observed that the safety of basiliximab treatment was satis-
factory  in  patients  with  steroid-refractory  acute  GVHD.  The  rates  of  any
infection,  viral  infection,  bacterial  infection,  and  fungal  infection  were  45.0%,
35.0%,  30.0%  and  10.0%,  respectively,  which  were  comparable  to  those  of
other systemic immunosuppressants used in cGVHD treatments (i.e.,  ruxoli-
tinib  and  MTX)  .4 Although  the  rate  of  hematologic  toxicities  in  the  present
study appeared  to  be  higher  than  those  in  studies  using  basiliximab  treat-
ment for acute GVHD ,10 cGVHD is one of the most significant risk factors for
poor graft function and the relationship between basiliximab and myelosup-
pression  might  not  be  attributed  solely  to  basiliximab.  This  implied  that  the
safety of basiliximab treatment for severe liver cGVHD was acceptable.

T  cell  activation  was  critical  in  the  pathogenesis  of  cGVHD.  The  low
response rate of initial treatment suggested that the intensity of inhibition on
T cell  activation,  induced by  corticosteroid  and CNI,  was  not  strong enough
for  patients  with  severe  liver  cGVHD.  Basiliximab  could  inhibit  activated  T
cells by targeting IL-2 receptors and exert strong anti-GVHD effect. Our previ-
ous  study  observed  that  the  ORR  of  basiliximab  treatment  in  patients  with
steroid-refractory liver acute GVHD was 56.1%,6 which suggested that basil-
iximab may help to control liver GVHD. In this pilot study, the rate of ORR and
CR  of  add-on  basiliximab  treatment  achieved  as  high  as  80%  and  70%,
respectively,  which  further  translated  into  a  better  OS  compared  to  the
control.  Although  some  patients  in  the  basiliximab  group  received  other
systemic  immunosuppressants  apart  from  basiliximab  and  we  could  not
completely  rule  out  the influence of  these treatments on GVHD,  the uses of
other systemic immunosuppressants were all comparable between the basil-
iximab and the control  group.  Thus,  basiliximab treatment may indeed have
the potential to help control severe liver cGVHD.

Donor immune cells mediate immune injury of biliary ducts in liver cGVHD,
which  may  become  irreversible  in  the  late  stage.  Biliary  ducts  damage  and
loss  could  induce  persistent  paracholia  and  serious  cholestasis,  which  is
difficult  to  improve  until  capillary  bile  duct  regenerates.  This  may  be  one  of
the  important  reasons for  poor  response to  immunosuppressants  in  severe
liver cGVHD. Therefore, how to stop the immune injury of biliary ducts in time
is critical to improving the outcomes of patients with liver cGVHD. However,
the time needed to perform preliminary assessment on the efficacy of  first-
line treatment for cGVHD is at least one month, and the bilirubin would have
significantly  increased  during  this  period  of  time.  This  would  make  further
treatments very difficult. Besides, we observed that the rate of CR in patients
receiving  basiliximab  within  4  weeks  after  cGVHD  diagnosis  seemed  to  be
higher than those beyond 4 weeks. The reason that the result was not statis-
tically significant may be due to the small sample size. Thus, it is suggested
that  giving timely  add-on basiliximab treatment  to  patients  with  severe liver
cGVHD may help to improve the therapeutic response; however, the optimal
time for basiliximab treatment needs to be further studied.

In  summary,  we  observed  that  basiliximab  treatment  administered  in
combination  with  corticosteroid  and  CNI  helped  to  effectively  control  the
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severe  liver  cGVHD,  and  basiliximab  may  provide  a  potential  solution  for
these  patients.  It  should  be  confirmed  by  randomized  controlled  trials  in
future.
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