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To the editor:

Dysregulation of the HIF pathway due to VHL mutation causing severe erythrocytosis and

pulmonary arterial hypertension

Hereditary erythrocytosis can be caused by mutations in genes
involved in the hypoxia-inducible factor (HIF) pathway.'” For
example, Chuvash polycythemia is caused by an R200W substitu-
tion in the von Hippel-Lindau protein (VHL).! There is increasing
evidence linking VHL-HIF dysregulation to altered vascular physi-
ology, and a mouse model of Chuvash polycythemia develops
pulmonary arterial hypertension (PAH).*5 Recently, we reported an
autosomal dominant erythrocytosis associated with an activating
EPAS-1 (HIF-2A) mutation in which there was late-onset PAH in
some family members.” We now report a patient with severe
erythropoietic dysregulation and PAH who is a compound heterozy-
gote for novel VHL mutations.

A 2-month-old boy presented with increasing dyspnea and
hypoxia requiring emergency ventilation and inotropic support.
Echocardiography showed right ventricular dysfunction and hyper-
trophy. Severe PAH was confirmed by cardiac catheterization.
Pulmonary artery systolic pressure was 91 mm Hg (approximately
twice systemic values). Infusions of nitric oxide, prostacyclin, and
sildenafil were required to allow discontinuation of ventilation.
Treatment with vasodilators, diuretics, and bosentan was continued
on eventual discharge from hospital.

Consistently raised hemoglobin (Hb) concentrations (> 21 g/dL)
prompted further investigation. Serum erythropoietin (EPO) con-
centration was grossly elevated at 4120 IU/L. Diagnostic imaging
and selective venous sampling provided no evidence of an EPO-
secreting lesion. We hypothesized that this unusual phenotype was
explicable by congenital dysregulation of the HIF pathway. Gene
sequencing revealed heterozygous mutations in exon 2 (376 G>A)
and exon 3 (548 C>T) of VHL (Figure 1A), predicting the amino

acid changes Aspl26Asn (D126N) and Ser183Leu (S183L),
respectively.

To examine the functional consequences of the mutations, VHL-null
renal carcinoma cells were transfected to generate cell pools stably
expressing wild type (WT) or mutant proteins (Figure 1C). Function
was assessed by measurement of the pH of cell culture media. Impaired
or absent VHL function results in more rapid acidification because of
HIF-mediated enhancement of glycolysis and suppression of mitochon-
drial respiration.®? As expected, expression of WT VHL increased
media pH while an inactivating VHL mutation (N78S) had no
effect. In contrast, each of the D126N and S183L mutants
exhibited an intermediate effect (Figure 1B). Pools expressing
mutant proteins consumed more glucose and produced more
lactate compared with WT, consistent with enhanced glycolytic
metabolism (Figure 1B). To confirm that D126N and S183L
mutations impair the ability of VHL to regulate HIF, we
examined HIF-1a protein levels (Figure 1C) and the expression
of HIF target genes PHD3 and GLUT-1 (Figure 1D), all of which
were elevated in comparison to WT.

Thus, our patient has compound heterozygosity for novel
mutations in VHL, which impair the ability to regulate HIF.
Strikingly, EPO levels are greatly in excess of those observed in
previous patients with inherited VHL-HIF dysfunction, suggesting
that this patient has a more severe defect in HIF regulation. We
observed that D126N and S183L were expressed at lower levels in
transfected cells compared with WT. Because stably transfected
cell pools exhibit a range of expression of the introduced protein,
we examined this in multiple clonal sublines, with similar results.
We hypothesized that this could reflect intrinsic differences in the
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Abstract We evaluated the use of mycophenolate mofetil
(MMF) after hematopoietic stem cell transplantation
(HSCT) in Japan from 1999 to 2008. MMF was adminis-
tered to 301 patients, including 157 for the prevention of
graft-versus-host disease (GVHD), 94 for the treatment of
acute GVHD and 50 for the treatment of chronic GVHD.
The three most common doses were 500 mg twice daily,
250 mg three times daily and 1,000 mg twice daily, given
to 63, 54 and 45 patients, respectively. The incidence of
grade II-1V acute GVHD was 30.0% and grade III-IV was
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20.0% in the GVHD prevention group. Among treated
patients, disappearance or improvement of subjective
symptoms occurred in 57.0% of acute GVHD patients and
in 52.0% of chronic GVHD patients. With regard to safety,
the following major adverse events (grade 3 or more) were
recorded: 31 infections, 31 neutropenia, 28 thrombocyto-
penia, 25 diarthea and 1 renal disorder. A total of 116
patients developed grade 3 or 4 adverse events, but 79 were
successfully treated with supportive treatment. Thus, our
findings suggest that MMF is safe and effective for the
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prevention and treatment of GVHD in patients who have
received an allogeneic stem cell transplant.

Keywords Mycophenolate mofetil (MMF) - Allogeneic
stem cell transplantation - GVHD

1 Introduction

Acute and chronic graft-versus-host disease (GVHD) are
important complications following allogeneic hematopoi-
etic stem cell transplantation (HSCT) that can be prevented
or treated by immunosuppressive agents such as cyclo-
sporine, tacrolimus, steroids or other therapies [1-3]. Some
patients, however, do not respond to these conventional
treatments. It is well recognized that mycophenolate
mofetil (MMF) is widely used in countries outside Japan,
and numerous reports have documented its efficacy for
prophylaxis and treatment of GVHD [4-13].

In Japan, MMF is only approved as an immunosup-
pressant drug for organ transplantation (e.g., renal trans-
plantation) and has not been approved for prophylactic or
therapeutic use for GVHD in the field of HSCT. As there
have been several reports of experimental MMF use for
HSCT in Japan [14, 15], we conducted a nationwide survey
to determine the efficacy and safety of MMF in the Japa-
nese population.

2 Patients and methods
2.1 Study design

We retrospectively collected data on MMF use after allo-
geneic HSCT from related donors. Questionnaires were
sent to 228 institutes registered with the Japan Society for
Hematopoietic Cell Transplantation (JSHCT). A total of 57
surveys were returned detailing 301 patients undergoing
MMF treatment. Data regarding the purpose of treatment,
dosage, length of treatment, presence or absence of sub-
jective symptoms of GVHD, GVHD grade and stage
(before and after treatment), decrease or increase in con-
comitant immunosuppressants, effects, adverse events and
outcomes were collected. Basic information for each
transplantation was extracted from the Transplant Registry
Unified Management Program (TRUMP) system, which is
a registry used for Japanese patient outcomes [16]. Several
demographic data were not available due to the lack of
patient entry into the TRUMP system. The effects of MMF
with regard to subjective symptoms (none, disappearance,
improvement, no change and ingravescence) and the use of
steroids (none, withdrawal, dose reduction, no change and
dose increase) were assessed by physicians. Adverse events
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were evaluated by the National Cancer Institute-Common
Terminology Criteria for Adverse Events (NCI-CTCAE,
ver.3). This study was approved by the ethical committees
of the Japan Society of Hematopoietic Cell Transplantation
and the Nagoya University School of Medicine.

2.2 Statistics

Correlations between the two subgroups were examined
using the y* test and Fisher’s exact test. P values of less
than 0.05 obtained in two-sided tests were considered sta-
tistically significant. The data were analyzed with STATA
version 10 statistical software (STATA Corp, TX).

3 Results
3.1 Patient background

Patient background data are summarized in Table 1.
Patient age ranged from 12 to 70 years (median 41) at the
time of transplantation, and there were 173 (57.5%) male
and 128 (42.5%) female patients. Among the 301 patients,
97 (32.2%) received a transplant from HLA-matched
donor, and 182 (60.5%), from HLA-mismatched donors.
Of the HLA-mismatched donors, 66 (36.3%) were 1 locus,
46 (25.3%) were 2 loci and 55 (30.2%) were 3 loci mis-
matched. There were also 22 patients (7.3%) with missing
HLA data. Among the 157 patients who received MMF for
GVHD prophylaxis, 119 (75.8%) received a transplant
from an HLA-mismatched donor, and among the 50
patients who received MMF as a treatment for chronic
GVHD, 17 (34.0%) received a transplant from an HLA-
mismatched donor. The graft source was peripheral blood
stem cells (PBSCs) in 176 patients, bone marrow (BM) in
101 patients and PBSCs plus BM in 2 patients. The pre-
conditioning regimen was myeloablative in 91 patients and
non-myeloablative in 166 patients. Table 1 shows that the
primary disease was hematological malignancy in the
majority of patients (94.4%) with aplastic anemia or other
diseases accounting for the remainder of the patients.
Among the patients with the hematological malignancies,
65.9% (162/246, which is clear data of disease status) were
in non-complete remission at the time of transplantation.

3.2 MMF administration

The aim of MMF administration was GVHD prevention in
157 patients, acute GVHD treatment in 94 patients and
chronic GVHD treatment in 50 patients (Table 1). The daily
MMF dosage varied from 250 to 3,000 mg, and the number
of doses per day ranged from 1 to 8. The most common
dosages and frequencies of MMF administration were
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Table 1 Patient characteristics

Variables Number
Patient number 301
Median age (range) 41 (12-70)
Male/female 173/128
Disease™
Acute myeloid leukemia 78 (46)
Acute lymphoblastic leukemia 66 (44)
Chronic myelogenous leukemia 15 (1)
Myelodysplastic/myeloproliferative syndrome 39 (12)
Malignant lymphoma 75 (41)
Multiple myeloma 11 (8)
Aplastic anemia 3
Other diseases 14 (1D
Purpose of MMF
GVHD prophylaxis 157
aGVHD treatment 94
c¢GVHD treatment 50
Graft source®
Bone marrow (BM) 101
Peripheral blood stem cell (PBSC) 176
Both BM and PBSC 2
Donor type®
Matched related 97
Mismatched related 182
1 locus mismatch 66
2 loci mismatch 46
3 loci mismatch 55
Unknown 15

* Numbers in parenthesis indicate those of not in complete remission

b Twenty-two data were missing for graft source and donor type

500 mg two times per day, 250 mg three times per day and
1,000 mg two times per day given to 63 patients (20.9%),
54 patients (17.9%) and 45 patients (15.0%), respectively.
Consequently, 91 patients received 1,000 mg of MMF per
day, and 54 patients, 750 or 2,000 mg per day. 59 patients
were treated with a daily dose higher than 2,000 mg. There
was no consistent pattern between the length and purpose of
treatment. MMF administration was discontinued within
30 days in 113 patients (38.4%); however, 19 patients
received MMF for more than a year (Fig. 1). Most patients
(289 patients, 96.0%) were given MMF concurrently with
other immunosuppressants (e.g., cyclosporine, tacrolimus
or steroids), and only 12 patients (4%) received MMF alone.

3.3 Adverse events
Adverse events (AEs) associated with MMF administration

are listed in Table 2. The major events were neutropenia,
infection, thrombocytopenia and myelosuppression. Only
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Fig. 1 a Initial dose of MMF. MMF was given at a variety of doses
ranging from 250 mg per day to 3,000 mg per day. The most common
dose was 500 mg twice a day (N = 67 among 91 patients taking
1,000 mg per day). b Dosing period of MMF. MMF was given for a
variety of dosing periods (median 45 days)

three patients (1.7%) developed renal insufficiency with a
grade 1, 2 or 4 increase in creatinine. Eighteen patients
(6.0%) died from AEs associated with MMF (Table 3). The
primary causes of death were infections in 11 patients
(including 5 patients with pneumonia, 4 with sepsis and 2
with invasive Aspergillus infection), neutropenia in 3
patients, myelosuppression in 2 patients, 1 thrombocyto-
penia and 1 brain hemorrhage. There were 44 grade 4 AEs:
25 of these patients (56.8%) improved and 15 (34.1%)
remained unchanged, but 4 (9.1%) eventually died. The
incidence of AEs of grade 3 or higher (except infection)
increased in accordance with the daily dosage of MMF
(Fig. 2), but most of these AEs improved (Table 4).

3.4 Efficacy of MMF

Among the 157 patients who received MMF for GVHD
prophylaxis, the incidences of grade II-IV and grade III-1V
acute GVHD were 29.7% (43/145) and 20.0% (29/145),
respectively‘ Limited and extensive chronic GVHD occur-
red in 21 (18.6%) and 30 (26.6%) patients, respectively
(N = 113). No significant differences were found in the
incidence of grade II-1V acute GVHD between HLLA-mat-
ched and mismatched transplant patients (9/25 = 36.0 vs.
33/113 = 29.2%, P = 0.63), and no significant differences
were noted between these two groups with regard to the

‘g’_) Springer
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Table 2 Adverse events whose relationships to MMF were not necessarily denied

Adverse events: all

GVHD prophylaxis (N = 157) aGVHD treatment (N = 94) cGVHD treatment (N = 50) Total (N = 301)

(grade 3-5)

N %o N %o N %o N %o

Infection 6 (5) 38 (3.2) 16 (13) 17.0 (13.8) 9(®) 18.0 (16.0) 31 (26) 10.3 (8.6)
Diarrhea 6 (5) 3.8(3.2) 16 (10) 17.0 (10.6) 33 6.0 (6.0) 25 (18) 8.3 (6.0)
Nausea 7(2) 4.5(1.3) 6 (4) 6.4 (4.3) 3(0) 6.0 (0) 16 (6) 53 (2.0)
Vomiting 2 (0) 1.3 (0) 2 (0) 2.1 (0) 1.0 2.0 (0) 5(0) 1.7 (0)
Neutropenia 5(5) 3232 21 (20) 22.3 (21.3) 5(5) 10.0 (10.0) 31 (30) 10.3 (10.0)
Thrombocytopenia 5(5) 3232 18 (15) 19.1 (16.0) 5(5) 10.0 (10.0) 28 (25) 9.3 (8.3)
Myelosuppression 7N 4.5 (4.5) 10 (7) 10.6 (7.4) 4 (4 8.0 8.0) 21 (18) 7.0 (6.0)
Gastrointestinal bleeding 3 (2) 1.9 (1.3) 3(3) 3232 0O 0O 6(5) 2007
Constipation 1(0) 0.6 (0) 0 0 (0) 0 () 0O 1(0) 0.3 (0)
Others 5(3) 32(1.9) 7(3) 74 (3.2) 3(2) 6.0 (4.0) 158" 50Q7

Numbers in parenthesis indicate those for grade 3 or more toxicity

¢ Others: liver dysfunction (3), creatine kinase elevation (2), hair loss, hemorrhage cystitis

® Others: hypocalcemia, brain hemorrhage, septic shock, creatine kinase elevation, abdominal pain, TMA, diabetes mellitus, engraft failure

Table 3 Cause of death potentially associated with MMF

Number

Infection

Pneumonia
Bacterial
MRSA
Fungal
CMV

Sepsis

Invasive Aspergillus infection

IS R N S =

Neutropenia
Myelosuppression

Thrombocytopenia

— DO

Brain hemorrhage
Total

—
o

incidence of grade III-IV acute GVHD (6/25 = 24.0 vs.
22/113 = 19.5%, P = 0.59). The incidence of chronic
GVHD, however, tended to be lower in the HLA-
mismatched transplant group (14/23 = 60.9 vs. 35/83 =
42.2%, P = 0.16; Fig. 3), although this finding was not
statistically significant. The incidences of grade II-IV and
II-1V acute GVHD were lower in the subgroup of patients
receiving 2,000 mg of MMF daily than in the subgroup
receiving 1,000 mg daily (28.6 vs. 37% and 14.3 vs. 28.6%
for grade II-IV and II-IV acute GVHD, respectively),
although these differences were not statistically significant
(P = 0.51 and 0.22, respectively). No dose effect was found
for chronic GVHD prevention (P = 0.72).

Among the 94 patients in the acute GVHD treatment
group, subjective symptoms disappeared in 27 (28.7%) and
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improved in 28 (29.8%). Symptoms remained unchanged
in 17 patients (18.1%) and worsened in 22 patients
(23.4%). Within this treatment group, 52 patients (55.3%)
experienced improvement in their acute GVHD grade.
Treatment with combined immunosuppressants was dis-
continued in 5 patients (5.3%) and reduced in 51 patients
(54.3%). Among the 50 patients who received MMF as a
treatment for chronic GVHD, the drug was effective
against subjective symptoms (i.c., resulted in resolution or
improvement) in 52.0% (10.0 and 42.0% experiencing
resolution and improvement, respectively). Five patients
(10.0%) discontinued combined immunosuppressants, and
29 (58.0%) reduced their dosage. The dosage remained
unchanged in 14 patients (28.0%) and increased in only 2
patients (4%) (Fig. 4). In the acute GVHD treatment group,
the effectiveness of MMF was higher among patients who
had received HLA-matched transplants; however, this
difference was not statistically significant for all items
evaluated (58-70 vs. 32-69%, P = 0.18-0.60). In the
chronic GVHD treatment group, the efficacy of MMF
against subjective symptoms was higher in the HLA-
matched subgroup than in the HLA-mismatched subgroup
(17/33 = 51.5 vs. 3/9 = 33.3%, respectively, P = (0.45).
In contrast, the rate of dosage reduction or discontinuation
for combined immunosuppressants was higher in the HLA-
mismatched subgroup than in the HLA-matched subgroup
(719 = 77.8 vs. 21/33 = 63.6%, respectively, P = 0.69).
To assess the efficacy of MMF with regard to total daily
dosage, we selected two subgroups: the most frequent dosage
(1,000 mg per day) and the maximum dosage (more than
2,000 mg per day). The efficacy rate for every acute GVHD
survey item was virtually identical between the 1,000 mg per
day (N = 28) and 2,000 mg per day (N = 23) subgroups
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Fig. 2 Frequency of adverse
events (grades 3-5) separated
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by total daily dose. High doses

of MMF resulted in higher rates
of hematological and
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(47.8-70.8 vs. 33.3-72.7%, respectively, P = 0.06-0.97).
Among chronic GVHD patients, no difference in dose effi-
cacy was observed between the two dosage subgroups
(N = 24 in the 1,000 mg per day group and N = 11 for
patients taking more than 2,000 mg per day, P = 0.83-0.91).

3.5 Transplantation outcome

In the GVHD prevention group, engraftment was seen in 122
of 134 evaluable patients (91.0%). Among all 301 patients,

O O N0 D
P AT S

RS
NN
NN

O »
O O
B

(mg/day)
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62 (20.7%) relapsed and 169 (56.2%) died after transplan-
tation. The overall survival rate was 41.9% at a median fol-
low-up of 3 years. The main causes of death included disease
recurrence in 33 patients (responsible for 19.5% of patient
mortality), infection in 26 patients (15.4%), acute GVHD in
26 patients (15.4%) and chronic GVHD in 7 patients (4.1%).
Among the 26 deaths due to acute GVHD, 18 patients were in
the acute GVHD treatment group. Among the seven patients
who died due to chronic GVHD, four were in the chronic
GVHD treatment group.
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Table 4 Rate of recovery from the adverse events in grades 34

1,000 mg/day (N = 91)

More than 2,000 mg/day (N = 59) Total (N = 301)

Infection 114 (25%)
Diarrhea 3/4 (75%)
Nausea 0/1 (0%)
Neutropenia 6/6 (100%)
Thrombocytopenia 3/4 (75%)
Myelosuppression 1/1 (100%)

Gastrointestinal bleeding 1/1 (100%)

172 (50%)
7/10 (70%)
4/5 (80%)
12/15 (80%)
5/14 (36%)
8/11 (73%)
0/1 (0%)

12/16 (75%)
10/16 (63%)
416 (67%)

24/27 (89%)
11/24 (46%)
12/16 (75%)
25 (40%)

0% +— 8

Fig. 3 Incidence of GVHD 100%
with prophylactic MMF use.
The incidences of grade II-IV
acute GVHD were 36.0 and 20%
29.2% in the HLA-matched and
-mismatched subgroups,
respectively. In contrast, the % 6% |
incidence of chronic GVHD in & |
the HLA-mismatched subgroup @ 1
was lower (42.2%) than in the 3 4%
HLA-matched subgroup <«
(60.9%)
P11 —
grade
HLA
100% -
80% -
T
< 60% -+
L]
&)
5
= 40% +
O
0% -

4 Discussion

GVHD is one of the leading complications following
allogeneic HSCT and is associated with morbidity and
mortality. Calcineurin inhibitors and steroids are widely
used for GVHD prevention and treatment, but several other
immunosuppressive agents have been used for these pur-
poses overseas [17-19]. Since 1997, many promising
reports have compared MMF with conventional immuno-
suppressants [4—13]. In particular, reports focused on
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HLA mismatch (N=84)

GVHD prevention are becoming increasing common due to
the use of alternative donor sources [20]. Our current sur-
vey demonstrates that the efficacy rate of MMF is
approximately 60% for the treatment of acute and chronic
GVHD. Furthermore, our results also reveal that MMF is
effective for the prevention of GVHD. Especially in HLA-
mismatched patients, the frequency of grade III-IV acute
GVHD was 20.3%, which was lower than the previous
report subjected to HLA-mismatched transplants among
Japanese populations [21]. As the efficacy of MMF was
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Fig. 4 Response of acute and
chronic GVHD during
therapeutic MMF use.
Subjective symptoms of acute
and chronic GVHD resolved in
59 and 52% of the cases,
respectively, following the
administration of MMF. In
addition, 55% of the acute
GVHD patients improved the
grade of their disease. Finally,
60 and 68% of the acute and
chronic GVHD patients,
respectively, reduced or
discontinued their use of
combined immunosuppressant
therapy

Grade

Dosage of combined

Immunosuppressant

Subjective symptoms

Acute GVHD Chronic GVHD

4%

B Resolution or Improvement

Reduction or Discontinuation

[]No Change Progression

] Increment

higher in patients receiving 2,000 mg per day than in those
receiving 1,000 mg per day for chronic GVHD prevention,
MMF doses of more than 2,000 mg per day are recom-
mended for Japanese patients if the AEs are manageable.
Whether MMF is superior to existing immunosuppres-
sants is a topic of continuing debate. Most previous reports
on MMF have been promising, and the response rates for
acute and chronic GVHD range from 47 to 71 and 26 to
76.9%, respectively, under various conditions [4, 6, 9-11,
17, 20]. On the other hand, one report suggested that MMF
causes no significant improvement in the prevention of
GVHD compared to cyclosporine and methotrexate (62 vs.
70%) [12]. Furthermore, another report showed that addi-
tion of MMF to an immunosuppressive regimen to control
chronic GVHD had no effect (success rate of 15%) [22].
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The results in this survey are not statistically different
between using MMF and using cyclosporine or tacrolimus
as reported in the previous report for the prevention and
treatment of GVHD. We would like to emphasize, how-
ever, that the patient population in this study consisted
mostly of HLA-mismatched donors and non-complete
remission recipients (60.5 and 65.9%, respectively;
Table 1). Even in this situation, MMF showed comparable
efficacy. Therefore, we would like to conclude that MMF
has a certain role for immunosuppressants.

Several reports have noted that the incidence of renal
damage attributed to MMF (0-12.5%) is lower than that
reported for other immunosuppressants like calcineurin
inhibitors [4, 5, 11, 12, 23-25]. Our analysis revealed that the
incidence of renal insufficiency (serum creatinine > 2 mg/dl)
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was 1%. Serum creatinine > 2 mg/dl due to treatment with
calcineurin inhibitors can be as high as 50-60 and 56-67% for
cyclosporine and tacrolimus, respectively [26, 27]. Thus,
MMF will be especially useful for patients with poor renal
function.

In conclusion, MMF is tolerable and effective in Japa-
nese patients who have received HSCT. Further studies are
warranted to identify suitable candidates and appropriate
therapeutic combinations of MMF for the prophylaxis and
treatment of GVHD following allogeneic HSCT.
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Acceptable HLA-mismatching in unrelated donor bone marrow transplantation
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We retrospectively analyzed the effect of
HLA mismatching (HLA-A, -B, -C, -DRB1,
-DQB1) with molecular typing on irans-
plantation outcome for 301 patients with
acquired severe aplastic anemia (SAA)
who received an unrelated BM transplant
through the Japan Marrow Donor Pro-
gram. Additional effect of HLA-DPB1 mis-
matching was analyzed for 10 of 10 or 9 of
10 HLA allele-matched pairs (n = 169). Of
the 301 recipient/donor pairs, 101 (33.6%)

were completely matched at 10 of 10 alleles,
69 (23%) were mismatched at 1 allele, and
131 (43.5%) were mismatched at = 2 alleles.
Subjects were classified into 5 subgroups:
complete match group (group I); single-
allele mismatch group (groups I and lil);
multiple alleles restricted to HLA-C,
-DRB1, and -DQB1 mismatch group
(group 1V); and others (group V). Multivar-
iate analysis indicated that only HLA dis-
parity of group V was a significant risk

factor for poor survival and grade H-IV
acute GVHD. HLA-DPB1 mismatching was
not associated with any clinical outcome.
We recommend the use of an HLA 10 of
10 allele-matched unrelated donor. How-
ever, if such a donor is not available, any
single-allele or multiple-allele (HLA-C,
-DRB1, -DQB1) mismatched donor is ac-
ceptable as an unrelated donor for pa-
tients with severe aplastic anemia. (Blood.
2011;118(11):3186-3190)

Introduction

BM transplantation from an unrelated donor (UBMT) is indicated
as salvage therapy for patients with severe aplastic anemia (SAA)
who fail to respond to immunosuppressive therapy. Early results of
UBMT have not been encouraging because of a high incidence of
graft failure and GVHD.'? The Center for International Blood and
Marrow Transplant Research (CIBMTR) reported the outcome of
232 patients with SAA who received an UBM transplant between
1988 and 1998.% The 5-year probabilities of overall survival (OS)
were 39% and 36% after matched unrelated and mismatched
unrelated donor transplantations, respectively. We previously re-
ported the outcome of 154 patients with SAA who received an
UBM transplant between 1993 and 2000 through the Japan Marrow
Donor Program (JMDP).* The 5-year OS rate was 56% in that study.

In several recent studies, the effect of HLA high-resolution
matching on outcome of patients who received an UBM transplant
has been elucidated.’® However, results have been derived primar-
ily from an analysis of patients with hematologic malignancies.
Major obstacles for UBMT are different between patients with
hematologic malignancies and patients with SAA. Relapse is a
main cause of death for patients with hematologic malignancies,
and GVL effect may result in decrease of relapse rate. In contrast,
graft failure is the main problem, and GVHD is the only negative
effect for patients with SAA. Therefore, optimal HLA matching
may be different between these 2 populations. Algorithms for
donor selection derived from an analysis of patients with hemato-

logic malignancies might not be useful for patients with SAA.
However, a few studies have focused on the clinical significance of
HLA-allele compatibility in patients with SAA.>4%-10

In a previous study, we analyzed the clinical significance of
HLA allele mismatching in 142 patients with SAA, in whom data
of high-resolution typing of HLA-A, -B, and -DRB1 were avail-
able.* Mismatching of HLA-A or -B alleles between donor and
recipient was a strong risk factor for acute and chronic GVHD and
OS, whereas mismatching of the HLA-DRB1 allele did not have a
significant effect on patient outcomes. In the study from the
National Marrow Donor Program, mismatching of HLA-DRBI
was the most crucial risk factor for OS.? These results indicate that
better donor selection through high-resolution typing might result
in improved outcome in patients with SAA who receive an UBM
transplant. In fact, several recent studies showed a significantly
improved outcome in patients with SAA who received and UBM
transplant over time.'"'? In particular, better HLA matching by
high-resolution typing has been thought to contribute to these
improvements. %!

On the contrary, restricting BMT to donor-recipient pairs
perfectly matched at high-resolution typing reduces the chance of
undergoing UBMT for many patients. Therefore, strategies for
selecting a partially HLA allele mismatched donor are required
when a full matched donor cannot be identified. Here, we report a
detailed analysis of outcome in 301 patients with SAA who were
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typed for HLA-A, -B, -C, -DRBI1, -DQBI, and -DPBI1 by a
molecular technique and underwent UBMT through the JMDP.

Methods

Patients

From February 1993 to April 2005, 380 consecutive patients with acquired
SAA received an UBM transplant through the JMDP. Patients with
inherited AA, such as Fanconi anemia, and patients who received a BM
transplant > 2 times were excluded. This study includes 301 patients in
whom molecular analysis of HLA-A, -B, -C, DRBI1, and -DQB1 were
performed by DNA-based methods. HLA-DPB1 was analyzed in 299 of
these patients. The previous study included 142 patients in whom molecular
typing was performed only for HLA-A, -B, and -DRB1.

Characteristics of the 301 patients and donors are shown in Table 1.
Briefly, patients (173 males and 128 females) were between birth and
64 years of age (median, 17 years of age). The median disease duration
before BMT was 43 months (range, 4-436 months). All patients failed
conventional immunosuppressive therapies and were considered candidates
for UBMT. All patients or their guardians gave informed consent for
transplantation and submission of the data to the JIMDP.

Transplantation procedure

Characteristics of the transplantation procedures are also shown in Table 1.
Patients underwent transplantations at individual centers following the local
protocols for preconditioning regimens and GVHD prophylaxis. The
various preconditioning regimens used by individual centers were classified
into 5 categories: TBI or LFI + CY + ATG (n = 128), TBI or LFI + CY
(n = 103), TBI or LFI + CY + Flu with or without ATG (n = 39),
CY + Flu + ATG (n = 8), and others (n = 23). In 130 patients, CsA and
MTX were used for prophylaxis against GVHD; 134 patients received
FK instead of CsA. The remaining 35 patients received other GVHD
prophylaxis. Ex vivo T-cell depletion was not used for any patient. The
median number of infused nucleated marrow cells was 3.1 X 10%kg.
One-half (n = 150) of the transplantations were performed before
2000, and 151 were done after 2001.

HLA typing and definition of mismatching

HLA matching between patients and donors was based on HLA serotyping
according to the standard technique. Partial HLA-A and -B alleles and
complete HLA-DRBI alleles were identified as confirmatory HLA typing
during the coordination process, and HLA-A, -B, -C, -DQB1, and -DPB1
alleles were retrospectively reconfirmed or identified after transplantation.
Molecular typing of HLA-A, -B, -C, -DQBI1, -DRBI, and -DPBI1 alleles
was performed by the Luminex microbead method (Luminex 100 system)
adjusted for the JMDP and in part by the sequencing-based typing method.
Mismatching was defined as the presence of donor antigens or alleles not
shared by the recipient (rejection vector) or the presence of recipient
antigens or alleles not shared by the donor (GVHD vector).

Definition of transplantation-related events

The day of engraftment was defined as the first day of 3 consecutive days on
which neutrophil count exceeded 0.5 X 10°/L. Patients who did not reach
neutrophil counts > 0.5 X 10%L for 3 consecutive days after transplanta-
tion were considered to have primary graft failure. Patients with initial
engraftment in whom absolute neutrophil counts declined to < 0.5 X 10°/L
subsequently were considered to have secondary graft failure. Acute GVHD
was evaluated according to standard criteria in patients who achieved
engraftment, and chronic GVHD was evaluated according to standard
criteria in patients who achieved engraftment and survived > 100 days
after transplantation.

Data collection and statistical analysis

Transplantation data were collected with the use of standardized forms
provided by the JMDP. Patient baseline information and follow-up reports
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were submitted at 100 days and annually after transplantation. Analysis of
patient outcome was performed with the date of last reported follow-up or
date of death. Data were analyzed as of July 1, 2007.

Probability of OS and 95% confidence interval (95% CI) were estimated
from the time of transplantation according to the Kaplan-Meier method.
Cumulative incidence of neutrophil engraftment at day 42 was analyzed in
the whole of patients by treating deaths until day 42 as a competing risk.
Cumulative incidence of acute GVHD at day 100 was analyzed in patients
who sustained engraftment by treating deaths until day 100 as a competing
risk. Cumulative incidence of chronic GVHD at day 365 was analyzed in
patients who sustained engraftment and survived longer than day 100 by
treating deaths until day 365 as a competing risk. In univariate analysis, the
log-rank test or Gray test was used to assess the significance of HLA allele
mismatching on clinical outcomes. The Mann-Whitney U test was used to
compare the median days of neutrophil engraftment. The chi-square test or
Mann-Whitney U test was used to compare patient characteristics and
transplantation procedures between the patient groups. All P values < .05
were considered statistically significant, whereas P values between .05 and
.1 were considered as marginally significant.

Multivariate analyses were performed to assess the effect of HLA allele
mismatching on the clinical outcome by Cox proportional hazard model
(each mismatched group vs fully matched group; hazard risk = 1.0 as a
reference group). Factors other than HLA mismatching included in the
models were patient age, patient sex, donor age, donor sex, disease duration
before BMT, infused cell dose, matching of ABO blood type, GVHD
prophylaxis, and preconditioning regimens.

Results
HLA matching by DNA typing

Of the 301 recipient/donor pairs, 101 pairs (33%) were completely
matched at HLA-A, -B, -C, -DRBI, and -DQB1 allele; 69 pairs
(23%) were mismatched at 1 HLA allele; 59 pairs (20%) were
mismatched at 2 HLA alleles; and 72 pairs (24%) were mismatched
at = 3 alleles (Table 2). The number and frequency of 1-allele and
2-allele mismatches in either GVHD or rejection vector or both
vectors in each HLA allele were 55 (18.3%) and 7 (2.3%) in
HLA-A allele, 32 (10.6%) and 2 (0.7%) in HLA-B allele,
130 (43.2%) and 10 (3.3%) in HLA-C allele, 68 (22.6%) and
5 (1.7%) in HLA-DRB1 allele, 80 (26.6%) and 13 (4.3%) in
HLA-DQB1 allele, and 179 (59.5%) and 44 (14.6%) in
HLA-DPBI allele, respectively. Because the frequency of mismatch-
ing was too high at the DPB1 allele, analysis of DPB1 mismatching
was separated from that of other alleles. In addition, because the
number of single-allele mismatched pairs of HLA-A, -B, -C,
-DRBI1, and -DQB1 were too small for separate analyses, HLA-A
and -B were grouped into the mismatch of the HLA-A or HLA-B
allele (A/B) and HLA-DRB1 and -DQB1 into the mismatch of the
HLA-DRB1 or HLA-DQB1 allele (DRB1/DQB1), respectively.

Survival

Of the 301 patients, 202 are alive at the time of analysis with an
observation time from 3 to 128 months (median, 44 months) after
transplantation. Five-year OS was 66.3% (95% CI, 60.7%-72.5%)
in the whole population (supplemental Figure 1, available on the
Blood Web site; see the Supplemental Materials link at the top of
the online article). Subgroup analyses were performed in 8 main
subgroups (> 15 recipients) as follows: (1) complete match group
(n = 101), (2) single locus (A/B) mismatch group (n = 20),
(3) single (C) mismatch group (n = 42), (4) 2 loci (A/B + C)
mismatch group (n = 20), (5) 2 loci (DRB1/DQB1) mismatch
group (n = 19), (6) 3 loci (A/B + C) mismatch group (n = 15),
(7) 3 loci (C+ DRB1/DQB1) mismatch group (n =29), and
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Figure 1. Kaplan-Meier estimates of OS in 5 HLA groups.

(8) 3 loci (A/B + C + DRB1/DQB1) mismatch group (n = 21).
OS was significantly worse in the following groups than in the
complete match group (75.2%): 2 loci (A/B + C) mismatch group
(49.0%; P = .022), = 3 loci (A/B + C) mismatch group (40.0%;

=.002), and A/B + C + DRB1/DQB1 mismatch group (56.1%;
P = .031; supplemental Table 1).

On the basis of these primary results, 301 patients were
reclassified into 5 subgroups: HLA complete match group (group I;
n = 101), single-allele (A/B) mismatch group (group II; n = 20),
single-allele (C or DRB1/DQB1) mismatch group (group III;
n = 49), multiple-allele (restricted to C or DRB1/DQB 1) mismatch
group (group IV; n = 68), and others (group V; n = 63). The
probability of OS at 5 years was 75.2% (95% CI, 84.8%-66.7%) in
group I, 72.7% (95% Cl, 96.7%-54.7%) in group II, 66.7% (95%
CI, 85.1%-52.3%) in group I, 69.7% (95% ClI, 82.6%-58.8%) in
group IV, and 46.8% (95% CI, 61.7%-35.5%) in group V,
respectively (Table 3; Figure 1). Survival rate was significantly
inferior in group V than in group I (P = .003).

To avoid or minimize the effect of other HLA alleles mismatch-
ing, the effect of HLA-DPB1 mismatching was evaluated in group
I (n=101) and groups II +III (n = 69), independently.
HLA-DPB1 was matched in 51 recipient/donor pairs (30%) and
mismatched in 118 pairs (70%). Patient characteristics and trans-
plantation procedures were not different between HLA-DPBI1
matched and mismatched groups (supplemental Table 2). The
probability of OS at 5 years in group I was equivalent between the
HLA-DPB1 matched group (74.4%; 95% Cl, 93.2%-59.4%) and
the HLA-DPB1 mismatched group (75.7%; 95% CI, 87.2%-65.8%;
P = .894; Table 4; Figure 2A). It was also equivalent in groups
I + 1M1 (71.4%; 95% C1, 93.6%-54.5% in the HLA-DPB1 matched
group and in the HLA-DPB1 mismatched group (67.1%; 95% CI,
85.6%-52.5%; P = .826; Table 4; Figure 2B). Multivariate analysis
identified significant unfavorable variables as follows: recipient
age (0-10 years: relative risk [RR] = 1.0; 11-20 years: RR = 4.092,
P = .002; 21-40 years: RR = 3.970, P = .004; > 41 years:
RR = 5.241, P = .003), conditioning regimen (Flu + CY + TBI/
LFI = ATG: RR = 1.0; CY + TBILFL RR = 4.074, P = .058;
others: RR = 6.895, P = .013), HLA mismatching (group I:
RR = 1.0; group V: RR = 1.967, P = .023), donor sex (female:
RR = 1.0; male: RR = 1.850, P = .016), and GVHD prophylaxis
(FK + MTX: RR = 1.0; other: RR = 1.754, P = .024), blood type
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(ABO match or minor mismatch: RR = 1.0; major mismatch or
bidirection: RR = 1.948, P = .005), and disease duration
(< 7years: RR = 1.0; > 7 years: RR = 1.540, P = .084; Table 5).

Engraftment

The cumulative incidence of neutrophil engraftment at day 42 was
evaluated in 300 patients. It was 90.3% (95% CI, 93.7%-86.9%) in
the whole population. Subgroup analyses showed that it was 93.0%
(95% CI, 98.2%-87.8%) in group 1, 90.0% (95% CI, 100%-74.6%)
in group II, 89.8% (95% CI, 98.9%-80.7%) in group III, 92.6%
(95% CI, 99.2%-86.0%) in group IV, and 84.1% (95% CI,
93.4%-74.8%) in group V (P = .185; Table 3). The median time to
engraftment was 17 days in group I; 18 days in groups II, III, and
IV; and 19 days in group V. Engraftment was marginally delayed in
group V compared with group I (P = .053). Additional HLA-DPB1
mismatching did not affect the cumulative incidence of engraft-
ment in the 10 of 10 and 9 of 10 matched groups, respectively
(Table 4). In multivariate analysis, blood type (ABO match or
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Figure 2. OS between HLA-DPB1 matched group and HLA-DPB1 mismatched
group. (A) Difference of OS between HLA-DPB1 matched group and HLA-DPB1
mismatched group in 10 of 10 HLA allele matched pairs. (B) Difference of
OS between HLA-DPB1 matched group and HLA-DPB1 mismatched group in 9 of
10 HLA allele matched pairs.
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Figure 3. Cumulative incidence of acute GVHD. (A) Cumulative incidence of grade

1I-IV acute GVHD in 5 HLA groups. (B) Cumulative incidence of grade Ill-IV acute
GVHD in 5 HLA groups.

minor mismatch: RR = 1.0; major mismatch or bidirection pair:
RR = 5.102, P = .039) and HL.A mismatching (group I: RR = 1.0;
group V: RR = 4.906, P = .035) were significant risk factors for
engraftment.

Acute GVHD

The cumulative incidence of acute GVHD at day 100 was
evaluated in 272 patients. The cumulative incidence of grade II-IV
and grade HI-1V acute GVHD was 27.2% (95% CI, 32.5%-21.9%)
and 12.9% (95% CI, 16.9%-8.9%) in the whole population,
respectively (supplemental Figure 2). Subgroup analyses showed
that the cumulative incidence of grades II-IV acute GVHD was
statistically lower in group I (15.1%; 95% CI, 22.4%-7.8%} than in
group V (37.7%; 95% CI, 50.9%-24.5%; P = .037), and margin-
ally lower than in group IIT (31.8%; 95% CI, 45.8%-17.8%) and
group IV (31.7%; 95% CI, 43.3%-20.1%; Table 3; Figure 3A).
Whereas the cumulative incidence of grade III-IV acute GVHD
was not significantly different among 5 groups: 7.5% (95% CI,
24.6%-0%) in group I, 15.8% (95% CI, 32.7%-0%) in group II,
13.6% (95% CI, 23.9%-3.3%) in group III, 11.1% (95% CI,
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18.9%-3.3%) in group IV, and 22.6% (95% CI, 34.0%-11.2%) in
group V (P = .139; Table 3; Figure 3B). Additional HLA-DPB1
mismatching evaluated in 155 patients did not affect the cumulative
incidence of grade II-IV acute GVHD in the 10 of 10 and 9 of
10 matched groups, respectively (Table 4). Multivariate analysis
showed that a significantly higher incidence of grade II-IV acute
GVHD was associated with HLA mismatching (group I: RR = 1.0;
group III: RR = 3.975, P = .002; group IV: RR = 3.334, P = .004;
group V: RR = 3.665, P = .002). Other significant risk factors
were the preconditioning regimen (Flu +CY + TBI/LFI = ATG:
RR = 1.0; TBI/LFI + CY: RR = 5.224, P = .003), and donor sex
(female: RR = 1.0; male: RR = 1.844, P = .034; supplemental
Table 3).

Chronic GVHD

The cumulative incidence of chronic GVHD at day 365 was
evaluated in 232 patients. It was 24.5% (95% CI, 30.3%-18.7%) in
the whole population. Subgroup analyses showed that it was
comparable among the 5 HLA groups: 19.8% (95% CI, 28.8%-
10.8%) in group I, 26.3% (95% CI, 49.3%-3.3%) in group II,
28.2% (95% CI, 43.3%-13.1%) in group III, 26.9% (95% ClI,
39.2%-14.6%) in group IV, and 27.3% (95% CI, 42.1%-12.5%) in
group V (P = .922; Table 3; supplemental Figure 3). HLA-DPB1
mismatching did not affect the cumulative incidence of chronic
GVHD (Table 4).

Discussion

The survival rate in UBMT has increased substantially over the
past 10 years in patients with SAA.31> A 5-year survival rate of
90% has been reported in a small series of children.'®!7 A recent
meta-analysis showed that detailed HLA-matching facilitated by
DNA-based typing has contributed to the improved survival rate in
patients with SAA who received an UBM transplant.'® However,
many patients with SAA who need hematopoietic stem cell
transplantation do not have an HLA-complete matched donor. Our
multivariate analysis indicated that among 4 HLA-mismatched
groups, only HLA disparity of group V was a statistically signifi-
cant unfavorable variable. We conclude that any type of HLA
single-allele mismatch or multiple-allele mismatch within HLA-C
and HLA class I (DRB1 or DQB1) is acceptable as an unrelated
donor when an HLA complete match donor is unavailable.

We previously reported that HLA class I allele mismatching
(HLA-A or -B) but not class II allele (HLA-DRB1) mismatching
was a significant risk factor for survival when 6 alleles were
analyzed.* HLA-A or -B mismatching pairs in the previous study
were separated into 2 groups in the current study in which 10 alleles
were analyzed. One group was a true single-allele mismatching
pair of HLA-A or -B alleles (group II), and another was a
multiple-allele mismatching pair of HLA-A or -B plus HLA-C
and/or class I HLA alleles (group V). Because HLA-C and -DQB1
alleles were not typed, this type of multiple-allele mismatching
might be mistaken as a single-allele mismatching pair, which was
the reason for the inferior outcome of HLA-class I mismatching
pairs in our previous study.

As the same in our previous study, mismatching of HLA-DRB1
did not provide a significant impact on clinical outcome. An
HLA-DRB1 mismatching pair was also classified into a true
single-allele mismatching of HLA-DRB1 (group III) and HLA-
DRB1 plus HLA-C and/or HLA-DQB1 mismatching pairs (group
IV). Interestingly, multiple mismatching of group IV was not
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associated with increased mortality, which may explain why
mismatching of HLA-DRB1 did not have a deleterious effect in the
previous study.

The effect of HLA-DPB1 mismatching was also evaluated in
HLA complete matched pairs (n = 101) and single-allele mis-
matched pairs (n = 69). The importance of DPB1 matching in the
UBMT setting has been mainly discussed in patients with hemato-
logic malignancies. Although results were controversial in early
reports, recent studies support a significant effect of DPBI1
mismatching on the incidence of acute GVHD, disease relapse, and
0S.1922 In a large dataset of the International Histocompatibility
Working Group, there was a statistically significant higher risk of
both grade 1I-1V and grade II-IV acute GVHD.!® The increased
risk of acute GVHD was accompanied by a statistically significant
decrease in disease relapse, probably because of the GVL effect,
which offset the deleterious effect of acute GVHD. Survival rate
was significantly better in DPBl-matched transplantations in
patients with standard-risk leukemia but not in advanced leukemia.
Conversely, in the HLA-mismatched group, there was a significant
survival advantage in DPB1 mismatched pairs.

We expected that DPB1 matching might be beneficial for
patients with AA who do not need the GVL effect. However,
clinical outcomes, including incidence of acute GVHD, were not
affected by DPB1 mismatching. HLA-DPB1 typing may not be
essential to the donor selection algorithm for patients with SAA.
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Indeed, HLA-DPB1 mismatching was observed in 74% of recipient/
donor pairs, and it may be practically difficult to find HLA 12 of
12 matched donors.

In conclusion, this retrospective study confirms the importance
of HLA matching between recipients and donors to improve the
outcome of UBMT for patients with SAA patients. However, this
study showed that only 33% of patients received transplants from
an HLA 10 of 10 matched donor. The availability of unrelated
hematopoietic stem cell transplants can be increased through the
judicious selection of donors with HLA mismatches that do not
substantially lower survival.
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Recommended Screening and Preventive Practices for
Long-Term Survivors after Hematopoietic Cell
Transplantation
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Advances in hematopoietic cell transplantation (HCT) technology and supportive care techniques have led to
improvements in long-term survival after HCT. Emerging indications for transplantation, introduction of
newer graft sources (eg, umbilical cord blood) and transplantation of older patients using less intense con-
ditioning regimens have also contributed to an increase in the number of HCT survivors. These survivors are
at risk for developing late complications secondary to pre-, peri-, and posttransplantation exposures and risk
factors. Guidelines for screening and preventive practices for HCT survivors were published in 2006. An in-
ternational group of transplantation experts was convened in 2011 to review contemporary literature and
update the recommendations while considering the changing practice of transplantation and international
applicability of these guidelines. This review provides the updated recommendations for screening and pre-
ventive practices for pediatric and adult survivors of autologous and allogeneic HCT.

Biol Blood Marrow Transplant 18: 348-371 (2012) © 2012 Published by Elsevier Inc. on bebalf of the American Society for
Blood and Marrow Transplantation

KEY WORDS: Hematopoietic cell transplantation, Allogeneic, Autologous, Late complications, Screening,

Prevention

INTRODUCTION

Approximately 50,000 people undergo hematopoi-
etic cell transplantation (HCT) worldwide each year.
Advances in transplantation techniques and supportive
care practices have led to progressive improvements
in survival for HCT recipients. As patients survive

long term after transplantation, they are at risk for de-
veloping late complications related to pre-, peri-, and
posttransplantation exposures. These complications
can cause substantial morbidity, impair quality of
life, and can contribute to Jate mortality in HCT recip-
ients. Several studies have shown that the life
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expectancy of HCT survivors is lower than expected at
10 to 30 years posttransplantation and secondary can-
cers, infections, and organ dysfunction are common
causes of late deaths in this population [1-6].

Recognizing the need for guidance about appro-
priate systematic long-term follow-up of HCT survi-
vors, the Center for International Blood and Marrow
Transplant Research (CIBMTR), the FEuropean
Group for Blood and Marrow Transplantation, and
the American Society for Blood and Marrow Trans-
plantation convened a group of experts in 2006 and
provided consensus recommendations for screening
and preventive practices for autologous and allogeneic
HCT survivors [7,8]. To update these previous
guidelines, the international working group was
reconvened in 2011 to review the prevailing
literature in late effects of transplantation and to
suggest revised guidelines, if applicable. To ensure
international applicability, the working group
included participants from the Asia-Pacific Blood
and Marrow Transplantation Group, the Bone Mar-
row Transplant Society of Australia and New Zealand,
the East Mediterranean Blood and Marrow Trans-
plantation Group, and Sociedade Brasileira de Trans-
plante de Medula Ossea.

The proposed guidelines focus on risks faced by
children and adults who have survived 6 months or
more following transplantaton and address autolo-
gous and allogeneic HCT recipients. Since long-
term HCT recipients may no longer be under the
care of transplant centers and may have returned to
the care of community health care providers, the
guidelines are geared towards providers who routinely
care for HCT recipients as well as those who do not.

The working group recognized the general lack of
clinical trials focused on screening and preventive
practices among HCT recipients and the need for
more research in this area. Hence, many of these rec-
ommendations are not based on evidence derived
from randomized or other controlled trials but are
supported by retrospective studies that have identified
specific complications in long-term survivors and their
associated risk-factors. When such studies are not
available, the guidelines are based on knowledge de-
rived from non-transplant patients as well as on the
consensus opinion of the working group participants.
Taking into account the risks and potential conse-
quences of late complications, they represent sensible
practices to optimize outcomes. The recommenda-
tions should not be interpreted as mandatory for all re-
cipients; good medical practice and judgment dictate
that certain recommendations may not be applicable
or may even be contraindicated in individual patients
or groups of patients.

It was also recognized that the practice of HCT is
continuously changing. Some examples of such
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changes include emerging indications for transplanta-
tion (e.g. autoimmune diseases, sickle cell disease), in-
creased utilization of newer donor sources (e.g.
umbilical cord blood and haploidentical donors), de-
creased use of total body irradiation (TBI) for condi-
tioning and evaluation of novel therapies as part of
HCT (e.g. post-transplant maintenance therapy in
myeloma). With the advent of non-myeloablative
and reduced intensity conditioning (NMA/RIC) regi-
mens, a larger number of older patients now receive
transplantation. The risks and constellation of late
complications may change as newer practices in trans-
plantation become more prevalent. Providers should
be cognizant of any unique exposures and risks associ-
ated with these practices (e.g. delayed immune recon-
stitution in umbilical cord blood recipients) when
considering a long-term followup care plan for their
patients.

A broad constellation of medical issues faced by
late survivors of transplantation is presented. Most of
the late complications discussed here pertain particu-
larly to allogeneic recipients. However, autologous re-
cipients are at risk for many of the same late
complications and may experience unusual toxicity or
immune impairment following transplantation that
places them at risk similar to allogeneic recipients
(e.g. exposure to prolonged corticosteroids or other
drugs that may cause prolonged lymphopenia post-
transplantation). Therefore, although some of the
following recommendations do not generally apply
to autologous recipients, providers should remain alert
to these complications in all patients.

The guidelines are summarized in Tables 1 and 2.
The Supplementary Tables includes tables that
highlight recommendations for post-transplant immu-
nizations (Appendix Table A) and recommendations
by selected exposures/risk-factors (TBI, chronic
GVHD, pediatric recipients) (Appendix Table B).
Appendix Table C lists other guidelines that have
been referenced in this manuscript along with current
links to their website. Readers can also refer to guide-
lines developed by the Children’s Oncology Group
for followup for pediatric cancer survivors, which in-
clude information on pediatric HCT recipients (www.
survivorshipguidelines.org). Representative references
are included in this document to guide readers who
would like more information on individual topics.

The National Marrow Donor Program (NMDP)
publishes a patient version of the followup guidelines
(www.BeTheMatch.org/Patient); we recommend that
patients use these guidelines to establish a long-term
followup care plan in consultation with their health
care provider based on their individual exposures and
risk factors. The NMDP also makes a summary of
the guidelines available for physicians, (online, mobile
app, and in print at www.marrow.org/md-guidelines).
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Table I. Summary Recommendations for Screening and Prevention of Late Complications in Long-Term HCT Survivors

Tissues/Organs

Late Complications

General Risk Factors

Monitoring Tests

Monitoring Tests and Preventive Measures in
Special Populations

Monitoring Tests and Preventive
Measures on All HCT Recipients

Immune system

Ocular

Oral

Respiratory

Cardiac and vascular

-Infections

-Cataracts
-Sicca syndrome
-Microvascular retinopathy

-Sicca syndrome
-Caries

-ldiopathic pneumonia
syndrome
-Bronchiolitis obliterans
syndrome
-Cryptogenic organizing
pneumonia
-Sinopulmonary infections
-Cardiomyopathy
-Congestive heart failure
-Arrhythmias
-Valvular anomaly
-Coronary artery disease
-Cerebrovascular disease
-Peripheral arterial disease

-Donor source

-HLA disparity

-T cell depletion

-GVHD

-Prolonged immunosuppression
-Venous access devices

-TBl/radiation exposure to head
and neck

-Corticosteroids

-GVHD

-GVYHD
-TBl/radiation exposure to head
and neck

-TBl/radiation exposure to
chest

-GVHD

-Infectious agents

-Allogeneic HCT

-Busulfan exposure

-Anthracycline exposure

-TBi/radiation exposure to neck
or chest

-Older age at HCT

-Allogeneic HCT

-Cardiovascular risk factors
before/after HCT

-Chronic kidney disease

-Metabolic syndrome

-CMYV antigen or PCR in patients
at high risk for CMV
reactivation

-Ophthalmologic exam

-Dental assessment

-PFTs
-Radiologic studies
(eg, chest x-ray, CT scan)

-Cumulative dose of anthracyclines
-Echocardiogram with ventricular
function, ECG in patients at
risk and in symptomatic patients
-Fasting lipid profile (including
HDL-C, LDL-C and triglycerides)
-Fasting blood sugar

-PCP prophylaxis for initial 6 months after HCT -Patients with cGYHD: Antimicrobial

-Immunizations posttransplantation according prophylaxis targeting encapsulated organisms
to published guidelines and PCP for the duration of

-Administration of antibiotics for endocarditis immunosuppressive therapy
prophylaxis according to American Heart -Patients with cGVHD: Screening for CMV
Association guidelines reactivation should be based on risk factors,
including intensity of immunosuppression.

-Patients with cGVHD: Routine clinical
evaluation, and if indicated, ophthalmologic
examination more frequently

-Routine clinical evaluation at 6 months and |
year after HCT and at least yearly thereafter

-Ophthalmologic examination with
measurement of visual acuity and fundus
examination at | year after HCT, subsequent
evaluation based on findings and risk factors

-Prompt ophthalmologic examination in patients
with visual symptoms

-Education about preventive oral health -Pediatric recipients: Yearly assessment of teeth
practices development

-Clinical oral assessment at 6 months and | year -Patients with cGYHD: Consider more frequent
after HCT and at least yearly thereafter with oral and dental assesments with particular
particular attention to intraoral malignancy attention to intraoral malignancy evaluation
evaluation

-Dental assessment at | year after HCTand then
at least yearly thereafter

-Routine clinical evaluation at 6 months and
| year after HCTand at least yearly thereafter

-Assessment of tobacco use and couselling
against smoking

-PFTs and focused radiologic assessment for
allogeneic HCT recipients with symptoms or
signs of lung compromise

-Routine clinical assessment of cardiovascular
risk factors as per general health maintenance
at | year and at least yearly thereafter

-Education and counseling on “heart-healthy”
lifestyle (regular exercise, healthy weight, no
smoking, dietary counseling)

-Early treatment of cardiovascular risk factors
such as diabetes, hypertension, and
dyslipidemia

-Administration of antibiotics for endocarditis
prophylaxis according to American Heart
Association guidelines

-Patients with cGYHD: Some experts
recommend earlier and more frequent clinical
evaluation and PFTs
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Liver

Renal and genitourinary

Muscle and connective
tissue

Skeletal

Nervous system

-GVHD
-Hepatitis B
-Hepatitis C
-lron overload

-Chronic kidney disease
-Bladder dysfunction
-Urinary tract infections

-Myopathy
-Fascitis/scleroderma
-Polymyositis

-Osteopenia/
osteoporosis
-Avascular necrosis

-Leukoencephalopathy
-Late infections
-Neuropsychological and
cognitive deficits
-Calcineurin neurotoxicity
-Peripheral neuropathy

~-Cumulative transfusion
exposure

-Risk factors for viral
hepatitis transmission

-TBI

-Drug exposure (eg, calcineurin

inhibitors, amphotericin,
aminoglycosides)

-CMV

-Hemorrhagic cystitis

-Corticosteroids
-GVYHD

-Inactivity

-TBI
-Corticosteroids
-GVHD
-Hypogonadism
-Allogeneic HCT

-TBl/radiation exposure
to head

-GVHD

-Exposure to
fludarabine

-Intrathecal chemotherapy

-LFTs

-Liver biopsy

-Serum ferritin

-lmaging for iron overload

(MRl or SQUID)

-Urine protein
-Serum creatinine
-BUN

-Evaluate ability to stand from

a sitting position

-Clinical evaluation of joint range of

motion

-Dual photon densitometry
-MRI to evaluate patients
with joint symptoms

-LFTs every 3-6 months in the first year, then
individualized, but at least yearly thereafter

-Monitor viral load by PCR for patients
with known hepatitis B or C, with liver
and infectious disease specialist consultation

-Consider liver biopsy at 8-10 years after HCT
to assess cirrhosis in patients with chronic
HCYV infection

-Serum ferritin at | year after HCT in patients
who have received RBC transfusions;
consider liver biopsy or imaging study for
abnormal results based on magnitude of
elevation and clinical context; subsequent
monitoring is suggested for patients with
elevated LFTs, continued RBC transfusions,
or presence of HCV infection

-Blood pressure assessment at every clinic visit,
with aggressive hypertension management

-Assess renal function with BUN, creatinine
and urine protein at 6 months, | year and
at least yearly thereafter

-Consider further workup (kidney biopsy or
renal ultrasound) for for further workup of
renal dysfunction as clinically indicated

-Follow general population guidelines for
physical activity

-Frequent clinical evaluation for myopathy in
patients on corticosteroids
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-Patients with cGYHD: Physical therapy
consultation in patients with prolonged
corticosteroid exposure, fascitis, or
scleroderma

-Patients with cGYHD: Frequent clinical
evaluation by manual muscle tests or by
assessing ability to go from sitting to standing
position for patients on prolonged
corticosteroids

-Dual photon densitometry at | year for adult  -Patients with cGVHD: Consider dual photon
women, all allogeneic HCT recipients and densitometry at an earlier date in patients
patients who are at high risk for bone loss; with prolonged corticosteroid or calcineurin
subsequent testing determined by defects or inhibitor exposure.
to assess response to therapy

-Physical activity, vitamin D, and calcium
supplementation to prevent loss of bone
density

-Clinical evaluation for symptoms and signs of  -Pediatric recipients: Annual assessment for
neurologic dysfunction at | year and yearly congnitive development milestones
thereafter

-Diagnostic testing (eg, radiographs, nerve
conduction studies) for those with symptoms
or signs

(Continued)
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