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ABSTRACT Umbilical cord blood is now used with a fair degree of confidence as an alternative source for haematopoetic stem

cells for over past three decades; thus risk versus benefit ratio tends to lean towards CBT as a 10% grade Ill-1V GVHD
probability is reported in CBT as compared to <30% in matched sibling donor transplant and 60%-90% in matched

unrelated donor transplants.
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Background and Rationale: Ever since Thomas and colleagues
(36) performed the first hematopoietic stem cell transplantation
(HSCT) on an animal model 4 decades ago, much progress has been
made.The credit of first successful cord blood transplantation goes
to Gluckman and associates (4), who transplanted umbilical cord in
a patient with fanconi anemia in 1988.Recipient engrafted well and
continued to be disease free. Initially CBT was restricted to paediat-
ric patients. In 1996 , three studies reported its extension to 4 adults
who were successfully treated with unrelated donor CBT (5).

Apart from obtaining written consent from the delivering mother and
confirming to the guidelines of the American Academy of paediat-
rics umbilical cord blood can be procured without many difficulties.
Cord blood banking has made CBT even more accessible and assures
more quality (1, 2, 3). Cord Blood Units can be safely cryopreserved
for longer periods without adversely affecting HPC recovery. Since the
first Cord blood bank was established in Indiana University school of
Medicine in 1980 approximately 135 voluntary banks have been es-
tablished.

An estimated that 14.6 million individuals have consented to donate
haematopoietic progenitor cells (HPCs) . Despite this potentially avail-
able pool, the probability of finding a 10/10 HLA match is 35-40% for
a Caucasian. CBU undergoes rigorous testing including ABO blood
typing, HLA typing ,rhesus typing and infectious disease screening.
Other parameters such as volume, weight, total nucleated count,
CD34-positive cell count or colony forming units are also recorded.
Guidelines for HLA testing have been laid and minimum requirement
being HLA —A,HLA-B and HLA-DR. DNA based typing is preferred to
serologic typing.(1,2,3,6)

Despite this testing graft versus host disease (GVHD) is a common
complication of CBT;GVHD .it is a syndrome resulting from reaction of
immunocompetent donor cells against the tissue of an immunocom-
promised recipient. The immunologic reaction is traditionally divided
into an afferent phase and an efferent phase , which is characterized
by the release of proinflammatory cytokines during immune acti-
vation and by tissue damage associated with conditioning therapy.
Cytokines are critical to GVHD and their genetic variants ,influence its
development. Indeed , the inactivation of chemokines of the adhe-
sion molecules that attract donor T cells to Peyer’s patches eliminates
most GVHD deaths in mice. By suppressing release of inflammatory
cytokines and the activation of T cells, interleukin 10[IL-10] promotes
tolerance. Homozygosity for a common variant of IL 10 promoter
appears to increase production of IL 10 and reduce the incidence of
GVHD. Small variations in donor and recipient genes that encode a
protein NOD2/CARD15 critical to response of macrophages to a bac-
terial toxin, and associated with severe GVHD,thus highlighting the
importance of genotyping to estimate risk and severity.(7,19) GVHD
is further sub classified as acute[a GVHD] and chronic [c GVHD] on
the basis of duration , however this demarcation is arbitrary as over-
lap does occur.The International Bone Marrow Transplant Registry
(IBMTR) Index tends to assign a higher overall grade for GVHD severi-

ty than the Glucksberg categorization. Patients with Glucksberg grade
| GVHD were categorized as having an IBMTR Index of A or B, depend-
ing on whether the maximum extent of rash involved less than 25%
or 25% to 50% of body surface area. Patients with Glucksberg grade |l
GVHD were categorized as having an IBMTR Index of B or C, depend-
ing on whether the maximum extent of rash involved 25% to 50%
or greater than 50% of body surface area. Patients with Glucksberg
grade Il GVHD were categorized as having an IBMTR Index of C or D,
depending on the absence or presence of stage 4 involvement in at
least one organ. The IBMTR Index was designed to avoid the need for
subjective assessment of performance status which has been includ-
ed as an element in the Glucksberg scale. In practice, performance
status is used in the Glucksberg grading system only to distinguish
between grades Ill and IV GVHD. Use of the term “extreme” to describe
the reduction in performance status associated with grade IV GVHD
has been interpreted as a fatal outcome related to GVHD. The IBMTR
Index was also designed to provide greater homogeneity in the risks
of TRM and treatment failure among patients with GVHD of any given
degree of severity.

The cumulative incidences of ¢cGVDH using the seattle criteria was
0.27[27%]; according to NIH criteria,the incidences was 0.08 [8%].By
NIH criteria,the classic form of ¢ GVDH was was uncommon [5%] af-
ter CBT.Instead the Agvcd (71%) and overlap (24%)GVHD variant pre-
dominates. Grade Il IV a GVDH was a significant risk factor for c GVDH
by both seattle and NIH criteria. The study conducted that GVDH
after D+100 after CBT typically carries features of a GVDH.(9,17).Mo-
reever and in marked contrast to adult unrealated donor HSCT, the
GVHD observed in this series didnot adversely affect survival.

The incidence of GVHD is influenced by a number of factors includ-
ing degree of histoincompatibility, the patient’s age, the intensity
of the conditioning regimen, prophylaxis type and stem cell source.
The probability of grade II-IV aGVHD is less than 30% in HLA matched
siblings and is 60%-90% in mismatched unrelated donor transplants.
The incidence rate of grade Ill-1V aGVHD is about 35% for 9 of 10 mis-
matched adult transplants but has only been observed in about 10%
of mismatched CBT.(6,7)

Multiple regression analysis identified 3 risk factors for grade II-1V aG-
VDH

1. Using 2 CBU
2. Using nonmyeloablative conditioning,and
3. Notusing antithymocyte globulin in conditioning regimen.(9,10)

GVHD prophylaxis:

The original aGVHD prophylaxis regimens developed during the
1970’s used decade used folate antagonist methotrexate (MTX) owing
due to its ability to delete proliferating donor lymphocytes. The initial
MTX dosing regimen on days 1,3,6 and11 and then once weekly yield-
ed an approximate 25% incidence rate of grades lII-IV a GVDH. Cyclo-
sporine [CSA] entered clinical trials of GVHD prophylaxis in the late
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1970s and showed equivalency to MTX in prospective studies.True
progress in GVHD prevention occurred when these regimns were:

Mycophenolate mofetil(MMF), via its metabolite mycophenolic acid,
inhibits proliferation of lymphocytes and is synergistic with CNIs
in preventing GVHD.MMF also facilitates donor engraftment and is
now widely used in reduced intensity conditioning RIC transplanta-
tion from related or unrelated donors. However,using MMF rather
than MTX does not seem to improve GVHD prevention.CNI based
regimens, significantly decreased the incidence and severity of oro-
pharyngeal mucositis with use of MMFStrategies for prevention of
GVHD;," a state of art and science handout ,states that CNI combined
with the short course of MMF is the most common GVDH prophylax-
is regimen used in myeloablative and reduced intensity conditioning
transplants ,whereas CNI combined with MMF is the most frequent
regimen in nonmyeloablative — conditioned or CBT(15).

Although combining CNIs with MTX or with MMF has resulted in sat-
isfactory rates of aGVHD and survival outcomes, these regimens are
not uniformly effective and many patients die from GVHD and related
complications.

Therefore, substantial efforts have been made to improve on these
CNI based combinations.(12,13,14)

Anti T cell antibodies have been explored as part of preparative regi-
mens. Despite the variability in interpretation of these data, the, best
evidence for invivo antibody efficacy is for ATG in unrelated donor
BMT transplantation after myeloablative conditioning. Prospective
randomized trials are needed to define the role of optimal dose and
timing of ATG administration(15).

Sirolimus an mammalian target of rapamycin mTOR inhibitor has
been developed as an addition to TAC and MTX for preventing GVHD.
In addition to inhibiting effector T cells, sirolimus can also preserve
regulatory T cells(Tregs) after transplantation, thereby further con-
trolling GVHD control. Data transplantation and 46% for unrelated
donor transplantation, with grade Il and 1V occurring in 12% and 8%
of patients respectively. Perhaps the most impressive clinical result of
CY regimen was the low cumulative incidence of cGVHD, which was
10%.However a recent phase Il study from The University of Texas
M.D.Anderson cancer  using this strategy with RIC demonstrated
higher rates of aGVHD compared with a matched cohort of recipi-
ents who received standard GVHD prophylaxis, suggesting that post
transplantation CY might need to be combined with additional drugs
when used with a less intensive conditioning regimen (8).

Nucleoside analogue pentostatin has been used for GVHD prophy-
laxis with CNI/MTX in matched unrelated donor mismatched allogenic
transplant recipients. The majority of these patients also received low
dose rabbit ATG. The results of this study showed that pentostatin at
a dose of 1.5mg/m2/week for 4 weeks resulted in the highest fraction
of living and GVDH free patients at day 100 post transplantation with
no previous instances of grade lll-IV a GVDH compared with the con-
trol arm . The rate of grade lII-IV GVDH for this arm was 10.7 %with no
cases seen in HLA — mismatched transplant recipients.

In order to refine GVHD management, the proteosome inhibitor
bortezomib was added to TAC/MTX prophylaxis on days 1,4 and 7
post transplantation in 45 recipients of 1 or2 antigen mismatched, T
cell - replete, peripheral blood transplantation after RIC. This phase I/l
study found a 22% D-180 incidence rate of grade II-IV GVHD on day
180 and a 29% 1- year incidence rate of GVHD ,comparable to rates
in a contemporaneous cohort of matched unrelated donor graft recip-
ients who received sirolimus based GVHD prophylaxis at that centre.
Mortality rate, the progression —free survival rate, and the overall sur-
vival rate were 34.4%,31.2%and 53.1% respectively(28).

One Literature review reflects the Minnesota group’s experience of
RIC regimens , in which they used CSA and MMF for GVHD prophylax-
is; rates of grade II-IV aGVHD and cGVHD were 59% and 23% respec-
tively. Eurocord presented results of 155 patients, median age of 47
years, who received RIC and results were comparable (2).

In one study, patients received CBT with conditioning regimens con-
sisting of fludarabine, CY and TBI coupled with GVHD prophylaxis
consisting of CSA and MMF.A total of 38% of patients received 2CBU.
Cumulative incidence of neutrophil engraftment by D60 was 80% at
a median of 20 days post transplant. Cumulative incidence rates of
aGVHD acute and c¢GVHD were 37% and 39% respectively.(5,17,18)

Although GVHD in CBT has been addressed through many studies.
Cord blood as an alternative to bone marrow for HSCT may lower
GVHD. K.Ohnuma et al assessed the records of 113 recipient of cord
blood from HLA-identical siblings between 1990 and 1997 and com-
pared them with records of 2052 recipients of bone marrow from
HLA - identical sibling during the same period.The study population
comprised children 15 years of age or younger ,and the rates of GVH-
D,hematopoietic recovery,and survival using Cox propotional hazard
models were assassed.Recepients of CBT from HLA identical siblings
were found to have lower incidence rate of both a GVHD and ¢ GVHD
than did the recipient of bone marrow from HLA identical siblings.The
study hypothesized that the difference between the cord blood and
bone marrow may be the immunological properties of umbilical cord
T cells that reduces their capacity to induce GVDH(22).

One study that assessed the relative risk of GVHD after unrelated do-
nor CBT in 265 consecutive patients. concluded that a GVHD occurs
less frequently after CBT. Two partially matched HLA CBU or double
cord blood graft were used to meet minimum cell dose requirement.
The incidence rates of grade Ill-IV GVHD was similar between cohorts.
However the incidence rates of grade II-IV were higher among dou-
ble CBT recipients. Transplantation related mortality rates at 1 year
however were significantly lower after double CBT.(3,5,6,16)

CNI was associated with a decreased incidence of grade VII-IV GVHD
compared with CNI alone or CNI plus prednisolone(14).CBT in children
with acute lymphoblastic leukemia is feasible, and GVHD prophylaxis
with MTX plus CNI is associated with significant favourable outcomes
in preventing a GVHD and ¢ GVHD and in survival advantages.

Brunstein et al expanded Tregs obtained from 3 CBU's and infused
them in 23 patients undergoing dCBT. No severe Treg related acute
toxicities were observed and accrual to study continues, with refine-
ments in Treg generating procedures.

To investigate whether expanded nTregs retained their inhibitory
function in vivo, a xenograft model of lethal GVHD was used in mice.
Weight loss of control mice receiving peripheral blood mononuclear
cells (PBMC) and CD25 cells was significantly greater than that of
mice that received PBMCs and expanded nTregs.By day 60 had de-
layed GVHD occurence or no sighns of GVHD. The T test group also
had normal sized spleen as compared with the controls. Finally mice
coinfused  with expanded nTregs revealed no histological lesions
compatible with  GVHD and had improved overall survival then did
the controls.(23,25-27).
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