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Association of early donor chimerism status with survival outcomes
in post allogeneic haematopoietic stem cell transplant patients of

nonmalignant diseases
Nadia Sial', Parvez Ahmed?2, Feroza Hamid Wattoo3, Nadir Ali4

Abstract

Objective: To highlight the association of early donor chimerism status at 2nd month with various survival outcomes.
Method: The retrospective study was conducted at the Armed Forces Bone Marrow Transplant Centre, Rawalpindi, Pakistan,
and comprised patient data from January 2011 to July 2016. Data related to participants who underwent human leukocyte
antigen-matched transplants for bone marrow failure syndrome and beta thalassemia major. Short tandem repeat-based
polymerase chain reaction was used to assess donor chimerism status. Overall survival, disease-free survival, relapse-free
survival, and graft versus host disease-free survival rates were noted. Data was analysed using SPSS 23.

Results: Of the 106, 64(60.4%) had bone marrow failure syndrome and 42(39.6%) had beta thalassemia major. The overall
median follow-up was 13.53 months (range: 1.81-62.73 months). Early donor chimerism status was associated with overall
survival (p=0.02) and disease-free survival (p=0.01). Mixed donor chimerism was less hazardous in terms of overall survival

(p=0.04) and disease-free survival (p=0.02).

Conclusion: Early mixed donor chimerism contributed to optimal survival in nonmalignant disease.
Keywords: Hematopoietic stem cell transplantation, Nonmalignant diseases, Survival outcome, Conditioning regimen.
(JPMA 72: 464; 2022) DOI: https://doi.org/10.47391/JPMA.1519

Introduction

Haematopoietic stem cell transplantation (HSCT) is a
curative  treatment for certain  nonmalignant
haematological diseases, like haemoglobinopathies, bone
marrow failure syndromes (BMFS), immune deficiencies
and metabolic disorders.! Patient monitoring is vital for the
management of post-transplant complications, such as
disease relapse, graft failure and graft versus host disease
(GVHD). In routine, monitoring of these patients includes
blood counts, blood morphology, bone marrow and donor
chimerism analysis.

In nonmalignant diseases, the donor chimerism status is
assessed to know the engraftment status. Chimerism is the
coexistence of the donor and recipient haematopoietic
cells in the patient's blood and bone marrow.’ Chimerism
status can be evaluated in whole blood/bone marrow and
cell subsets of lymphoid and myeloid lineages.'2 Each of
these has its importance with underline disease and
sensitivity of chimerism assessment.

Donor chimerism is assessed at regular intervals such as at
30, 60, 100, 180, 270 and 365 days.3 After one year, it is
generally assessed every year for up to five years. In
addition to this time-point, chimerism analysis can be
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advised to assess graft status as per need. It is desirable to
have complete donor chimerism in post-allo-HSCT
patients. In the case of nonmalignant haematological
diseases, stable mixed donor chimerism is acceptable if it
rectifies disease-specific measures, such as transfusion
dependence in beta-thalassemia major (BTM) and bone
marrow failure syndrome.4-6

Chimerism status can help in precluding imminent graft
failure and improving disease status by appropriate and
timely interventions, such as donor lymphocyte infusion
(DLI) and immunomodulation.”1"  Complete donor
chimerism is also considered to be associated with GVHD,
which is one of the major complications in post-allo-HSCT
patients.m Immunosuppressive drugs are the mainstay to
prevent GVHD in the post-transplant phase. In
nonmalignant diseases, it continues up to 6-9 months after
which tapering begins. Immunosuppression is stopped
after sustained complete donor chimerism (CDC) or stable
mixed chimerism (SMC) with disease-free status and
absence of GVHD.

Conditioning regimen and GVHD prophylaxis are meant for
immune suppression and to prevent GVHD. The
conditioning regimen used in nonmalignant diseases is
myeloablative, reduced intensity or nonmyeloablative. In
the case of myeloablative conditioning, it is expected that
patient will achieve CDC status' Reduced-intensity or
nonmyeloablative conditioning regimen increase the
incidence of mixed donor chimerism (MDC) in post-allo-
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HSCT with an increased risk of graft failure and relapse.

The current study was planned to determine the
association of donor chimerism status with survival
outcomes in post-allo-HSCT participants of nonmalignant
diseases, and to assess the impact of conditioning regimen
and GVHD prophylaxis on donor chimerism status in
participants with nonmalignant diseases.

Materials and Methods

The retrospective study was conducted at the Armed
Forces Bone Marrow Transplant Centre (AFBMTQ),
Rawalpindi, Pakistan, and comprised data from January
2011 to July 2016 related to patients who underwent HLA-
matched related transplants for BMFS and BTM at the
AFBMTC. After approval from the institutional ethics review
board, the sample size was estimation on the basis of a
1992 study.'2 Data was included only of BMFS and BTM
subjects who underwent allo-HSCT and had been fully
HLA-matched with their donors. Those excluded were
patients of other nonmalignant and malignant diseases,
those with primary graft failure, and patients who were not
evaluated for chimerism status at 1 year. The donor
chimerism status at second month was used for evaluation
and the cut-off date for follow-up was July 30, 2016.

Conditioning and GVHD prophylaxis were grouped to
investigate their association with the chimerism status in
the second post-transplant month. Conditioning regimens
were categorised into five groups: with cyclophosphamide
(Cy) vs without Cy; with fludarabine (Flu) vs without Flu;
with anti-thymocyte globulin (ATG) vs without ATG; with
busulphan vs without busulphan; and with thiotepa vs
without thiotepa. GVHD prophylaxis was grouped as:
cyclosporine (CSA) alone (yes vs no; with methotrexate
(MTX) vs without MTX; and with steroids vs without
steroids.

Chimerism analysis was performed with gold standard
Short tandem repeat-based polymerase chain reaction
(STR-based PCR).’3 In terms of chimerism status, the
presence of only donor STR profiles in whole blood was
characterised as CDC. When donor and recipient STR
profiles coexisted in the whole blood, it was considered
MDC. Mixed donor chimerism was further divided into two
categories: increased MDC in which the recipient’s STR
profile was more prominent than the donor’s; and
decreased MDC in which the donor’s STR profile was more
prominent than the recipient’s.

Recurrence of disease-specific measures, such as platelets
and red cell concentrate (RCC) transfusion dependence in
BMFS and BTM, respectively, was defined as relapse.

Acute and chronic GVHD data was obtained from the
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clinical records. Acute GVHD (AGVHD) was diagnosed by
the presence of skin rash, loose stools and jaundice in early
post-transplant phase (<100 days), confirmed with or
without biopsy, and graded according to the Glucksberg
criteria.’* Chronic GVHD (CGVHD), clinically diagnosed as
per the National Institutes of Health (NIH) criteria, was
divided into limited and extensive diseases.!>

Participants with increased MDC along with transfusion
dependence were recommended for the second
transplant. Participants with decreased MDC without
transfusion dependence remained untreated.

Data was analysed using SPSS 23. Survival outcomes, such
as overall survival (OS), disease-free survival (DFS), relapse-
free survival (RFS) and GVHD-free survival were calculated
using Kaplan-Meier. Survival outcomes were compared
with chimerism status at 2 months, adjusted for the
underline diagnosis, by using the Kaplan-Meier Log Rank
test. To avoid competing for risk effect in determining RFS,
those participants who died before relapse were excluded
from the analysis.’6 Cox proportional hazard was used to
estimate MDC risk with associated survival outcomes.
Fisher's exact or chi-square tests were used, with two-sided
p-values, for comparison of conditioning reagent and
GVHD prophylaxis with chimerism status at 2 months post-
allo-HSCT. Binary logistic regression was used to find the
odds ratio (OR) of mixed chimerism due to conditioning
reagent and GVHD prophylaxis. Binary logistic regression
was performed in variables with p=0.1.

Results

Of the 106, 64(60.4%) had BMFS and 42(39.6%) had BTM.
The overall median follow-up was 13.53 months (range:
1.81-62.73 months); 41.7863 months (range: 1.81-48.62
months) in participants with MDC, and 33 months (range:
1.81-62.73 months) in participants with CDC. The median
age of the recipients was 14.9 years (range: 1-50 years) and
that of the donor was 15 years (range: 1-50 years).
Haematopoietic stem cell source was bone marrow in
67(63.2%) participants, peripheral blood stem cell in
10(9.4%), and bone marrow plus peripheral blood stem cell
in 29(27.3%) participants. Stem cell dose was infused at a
median dose of 5x108 cells (range:5-10.8 x108 cells). Median
duration for neutrophil and platelet recovery was 13 days
(range: 10-30 dys) and 22 days (range: 14-80), respectively.
The median follow-up of the participants with MDC was
45.9 months (range: 2-48.6 months) and the median follow-
up of the participants with CDC was 36.1 months (1.8-62.7).
Of the total, donor chimerism status at second month post-
allo-HSCT was available for 94(88.7%) participants.
Pre-transplant and post-transplant characteristics with
donor chimerism status at 2 months in nonmalignant
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diseases were noted in detail (Tables 1-2).

The first group of conditioning regimens, with-ATG vs
without-ATG, was independent of chimerism status
(p=0.06). Participants who achieved CDC with ATG were
51(60.7%) and without-ATG were 33(39.3%). MDC was
observed in 3(30%) of the with-ATG group and those who
in the without-ATG group was 7(70%). In the second group,
with-Flu vs without-Flu, the association was not significant
(p=0.16). In the with-Flu subgroup, CDC was found in
70(83.3%) participants and MDC in 10(100%). In the
without-Flusubgroup, CDC was detected in 14(16.7%)
participants, while none of them were with MDC status. A
significant association was found in the third group, with-
busulphan vs without-busulphan (p=0.05). In the
with-busulphan subgroup, CDC was found in 32(38.1%)
participants and MDC in 7(70%). In the without-busulphan
subgroup, CDC was found in 52(61.9%) and MDC in 3(30%)
participants. No significant association was observed in the

Table-1: Pre-transplant characteristics with donor chimerism status at 2 month in
nonmalignant disease.

Characteristics (n =94) BMFS n (%) BTM n (%)

(DC(n=52) MDC(n=3) CDC(n=32) MDC(n=7)

Patient Gender

Male 44(84.6) 3(1000  18(56.3)  6(85.7)

Female 8(15.4) 0(0) 14(43.8)  1(143)
Donor Gender

Male 37(711.2) 1(333)  14(438)  3(429)

Female 15(28.8) 2(66.7)  18(56.3)  4(57.1)
Donor-Recipient Gender Mismatch

Gender-Matched 31(59.6) 01(33.3) 19(59.5)  2(28.6)

Male Recipient / Female Donor 14 (26.9) 02(66.7)  8(25) 4(57.1)

Female Recipient / Male Donor 7 (13.5) 0(0) 5(15.6) 1(14.3)
Patient Age (Mean) 218486  253%13.6 4.9+39 42418
Donor Age (Mean) 23.6+113  26+173 64457  8.5+4.07
Blood Group ABO Mismatch

Complete ABO Match 37(711.2) 2(66.7) 20(62.5)  6(85.7)

Major Mismatch 8(15.4) 0(0) 9(28.1) 1(14.3)

Minor Mismatch 7(13.5) 0(0) 2(6.3) 0(0)

Bidirectional Mismatch 0(0) 1(33.3) 1(3.1) 0(0)

(DC: complete donor chimerism, MDC: Mixed donor chimerism,
BMFS: Bone marrow failure syndrome, BTM: Beta thalassemia major.

Table-2: Transplant and post-transplant characteristics with donor chimerism status
at 2 months in nonmalignant disease (n=94).

Characteristics BMFS n (%) BTMn (%)
(DC(n=52) MDC(n=3) CDC(n=32) MDC(n=7)

Stem Cell Source

BM 31(59.6) 1(333)  24(75) 5(71.4)
PBSC 2(3.8) 0(0) 6(18.8) 1(14.3)
BM plus PBSC 19(36.5) 2(66.7) 2(63) 1(14.3)

Stem cell Dose 49+125 444101  5+08 4.8+0.7
Neutrophil Engraftment (Mean) 14.2+£3.5  12.33+0.5 14.1£19  16.246.2
Platelet Engraftment (Mean) ~ 22.6+8.9 1741 281£12.1  29.8+16.3

BM: Bone marrow, PBSC: Peripheral blood stem cells, CDC: complete donor chimerism, MDC: Mixed
donor chimerism, BMFS: Bone marrow failure syndrome, BTM: Beta thalassemia major.
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fourth group, with-thiotepa vs without-thiotepa (p=0.18).
In the with-thiotepa subgroup, CDC was found in 25(29.8%)
participants and MDC in 1(10%). In the without-thiotepa
subgroup, CDC was found in 59(70.2%) and MDC in 9(90%)
participants. The fifth group, with-FIuCyATG vs without-
FIuCyATG, was also independent of chimerism status
(p=0.10). CDC status in with-FIuCyATG was 48(57.1%) and
MDC in 3(30%) participants. In the without-FIuCyATG
subgroup, CDC was in 36(42.9%) participants and MDC in
7(70%). The binary logistic regression model was not
significant (p=0.56) to assess OR for MDC in the first and
third groups.

Association of donor chimerism status and the first group
of GVHD prophylaxis, CSA-alone vs CSA-with-MTX or
steroids was not significant (p=0.35). In the CSA-alone
subgroup, participants who achieve CDC and MDC were
38(45.2%) and 3(30%), respectively. In CSA-with-MTX or
steroids subgroup, CDC was in 46(54.8%) and MDC in
7(70%) participants. The second group, with-MTX vs
without-MTX, was also independent of donor chimerism
status (p=0.29). In the with-MTX subgroup, CDC was in
44(52.4%) and MDC in 7(70%) participants. In the without-
MTX subgroup, CDC was in 40(47.6%) and MDC in 3(30%).
The third group of GVHD prophylaxis, with-steroids vs
without-steroids, was also independent of donor
chimerism status (p=0.16). In the with-steroids subgroup,
CDC was in 14(16.7%) participants and none had MDC. In
the without-steroids subgroup, 70(83%) of the participants
had CDC and 10(100%) had MDC status.

In BMFS participants, median OS was 40months (range: 3-
63 months). Median OS was 38 months (range: 3-63
months) and 48 months (range: 30-49 months) for the
participants who had CDC and MDC, respectively. In BTM
participants, median OS was 36 months (range: 2-54
months). The median OS in participants with CDC was 37
months (range: 2-54 months) and 46 months (range: 3-48
months) in those with MDC. OS of the cohort was 89(94.7%)
with a mean survival of 153.06+3.45 months (confidence
interval [Cl]: 144.28-157.83). The OS in among those with
BMFS was 52(95%) and among those with BTM it was
37(95%). The OS was associated with the chimerism status
in the second month of post-transplant (p=0.02), shown in
figure1 A and figure 2 A. In this cohort, participants with
MDC status had an inferior OS of 8(80%) compared to the
OS of 81(96.4%) in those with CDC. The hazard ratio for
MDC at second month was 0.15 (p=0.04) (Cl: 0.02-0.98).

In BMFS participants, median DFS was 38 months (range:
3-63 months); CDC 37 months (range 3-63 months), and
MDC 48 months (range: 30-49 months). Median DFS in BTM
cases was 35 months (range: 2-54 months); CDC 36 months
(range: 2-54 months), and MDC 42 months (range: 13-48
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Figure-1: Association of donor chimerism with survival outcomes in post allo-HSCT patients of bone marrow failure syndrome (BMFS).
BMFS D) GVHD free survival graph of BMFS. [(CDC: complete donor chimerism, MDC: Mixed donor chimerism.]

months). The DFS of the entire cohort was 87(92.6%); BMFS
51(92.7%) and BTM 36(92.3%). Early donor chimerism
status was associated with DFS (p=0.01), shown in figure1l
B and figure 2 B. Participants with MDC status had inferior
DFS of 7(70%) compared to the DFS of 80(95.2%) in those
with CDC status at second month post-transplant. The
hazard ratio for MDC was low (p=0.02) (Cl: 0.032-0.82).

The median RFS in BMFS participants was 37 months
(range: 3-63 months); CDC 38 months (range: 3-63 months)
and MDC 48 months (range: 30-49 months). Median RFS in

BTM participants was 36 months (range: 2-54 months); CDC
36 months (range: 2-54 months), BTM 38 months (range: 2-
48 months). RFS of the cohort was 89(94.6%) which was
independent of chimerism status at 2 months, adjusted for
underline diagnosis (p=0.06), shown in figure1 C and figure
2 C. RFS for BMFS was 52(94.4%) and for BTM it was
37(94.7%). In BMFS participants, relapse was found in
3(6.1%) participants with CDC, and 2(40%) BTM
participants with MDC. Participants with MDC at second
month had an inferior RFS of 7(77.8%) compared to the RFS
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A) Overall survival graph of BTM B) Disease free survival graph of BTM C) Relapse free survival graph of BTM D) GVHD free survival graph of BTM.
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of 80(96.4%) in CDC participants. Among the participants,
2(1.8%) died before relapse, and were thus excluded from
RFS analysis.

One year GVHD-free survival of the cohort was 89(95.3%)
with a median of 12 months (range: 1-12 months) which
was not associated with chimerism status at 2 months
(p=0.29), shown in figure1 D and figure 2 D. GVHD-free
survival for BMFS was 52(96.1%) and for BTM it was
37(94.3%). GVHD-free survival was inferior with MCD
7(87.5%) compared to CDC 77(96.3%). GVHD at second
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month, in BTM group was found in 8(20.5%) participants;
7(21.9.3%) with CDC and 1(14.3%) with MDC status. At
second month of post-transplant, GVHD in BMFS
participants was found in 2(3.9%) participants with CDC.
The occurrence of GVHD in participants of BTM was
21(50%) and participants of BMFS were 20(31.2%). These
participants had GVHD of skin, eye, gut, and lung.

Overall, 3(4.6%) BMFS participants with MDC at second
month post-transplant converted to CDC afterward. Also,
1(1.5%) patient remained in the MDC state without
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transfusion. Among the BTM participants, 3(7.1%) out of
7(16.6%) died due to post-transplant complications, and
4(9.5%) were transfusion-dependent and were
recommended for the second transplant.

Discussion

Chimerism analysis in post-allo-HSCT patients is a routine
test to assess and monitor the graft status.! In addition, it
also predicts impending relapse/graft failure in post-allo-
HSCT patients. Previously, chimerism assessment was
considered a surrogate marker for measurable residual
disease in those diseases that do not have a molecular
marker to assess the disease status. Now, chimerism status
is also considered a post-allo-HSCT prognostic marker.!

In the current study, chimerism status at second month
post-transplant was found independent of conditioning
reagents and GVHD prophylaxis. The purpose of
conditioning is to ablate the patients’ bone marrow to
eradicate the malfunctioning haematopoietic cells.
Secondly, it also provides space or stem cell niches for the
new stem cells of the donor. Thirdly, it provides enough
immunosuppression that prevents rejection and GVHD. In
aplastic anaemia and BTM, the effect of the conditioning
regimen is myeloablative. However, it happens that the
same conditioning regimen resulted in CDC status in one
patient and in MDC in another patient. It may be due to the
conditioning reagents which also change the bone marrow
environment of patients.!”

The chimerism status of post-allo-HSCT patients was
independent of the GVHD prophylaxis administered. It is a
routine practice that GVHD prophylaxis is used to prevent
GVHD which continues in the post-allo-HSCT period till a
specific time. In BTM, the immunosuppressant continues
for three months before tapering starts in the absence of
GVHD incidence and stops at the sixth month. In the case
of aplastic anaemia, the immunosuppressant continues till
the ninth month post-allo-HSCT before tapering starts in
the absence of GVHD incidence and halts at the 15th
month. As in GVHD, the donor T cells attack the patient’s
soft tissues and destroy the patient’s residual
haematopoietic cells1. In the current study, GVHD was
present in 1(10%) participant with MDC, and 9(10.8%)
participants with CDC in the presence of GVHD prophylaxis.
Hence, GVHD and GVHD prophylaxis had no association
with donor chimerism status.

The OS in the current study was 94.7% which is better than
the OS reported earlier.18-20 OS in participants with MCD
was inferior to the participants with CDC, which is the ideal
outcome in post-allo-HSCT patients, as it is assumed that
CDC patients would remain with a good prognosis.
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DFS is another desired outcome of post-allo-HSCT patients.
In the current study, DFS was 92.3% which was less than
the OS. DFS was found to be better than some other studies
on nonmalignant diseases.21.22 DFS is associated with early
chimerism status, and DFS with CDC was superior (100%)
to the DFS with MDC (57%) in BTM participants. However,
DFS was 92.3% in CDC and 100% in MDC participants of
BMFS.

In the curremt study, RFS was 94.6% which is better than
the RFS in haematological diseases reported earlier.22 RFS
was not associated with early chimerism status. It is
commonly known that MDC status predicts impending
relapse or graft failure.23 It seldom happens in
nonmalignant disease that patients achieve partial
remission with stable MDC status. It also occurs rarely that
patients had complete donor chimerism as well as
transfusion dependency. Therefore, such post-allo-HSCT
patients are considered as having poor graft function, and
require a second transplant.’

In the current study, one-year GVHDOfree survival in BTM
and BMFS was 95% which is comparable to an earlier
report24 and it was independent of chimerism status. In the
management of post-allo-HSCT participants, at 1-year post-
transplant, immunosuppressants are almost stopped or are
put on tapering. According to studies, chimerism status has
a relation with GVHD.410 In other studies, the rationale for
chimerism status not being associated with GVHD was that
participants were taking immunosuppressants.23.25

In the past, those patients who had increased MDC along
with transfusion dependency were recommended for the
second transplant with the same donor or another donor.
In recent years, such patients are either treated with donor
lymphocyte infusion or managed by tapering/withdrawal
of immunosuppressants.23 In the study, 4 participants with
increased MDC chimerism and transfusion-dependent
were offered the second transplant, but all of them refused
to take the offer. One of these participants did not transfuse
and off all treatment himself. After two years of transplant,
he revisited the hospital and had complete donor
chimerism with chronic skin and eye GVHD. This may be
due to the effect of immunosuppressant withdrawal.

The limitation of the current study was that it could not
quantify the percentage of MDC status due to lack of funds.

Conclusion

Patients with early MDC status were found to be with
inferior OS and DFS compared to those with CDC status.
This was confirmed by survival outcomes.

Disclaimer: The text is based on a Ph.D thesis.
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