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Key Points

• The cumulative incidence of follow-up
termination is 28% at
10 years, increasing to
67% at 25 years after
allogeneic HCT.
• Follow-up termination
at HCT centers is most
often made by physicians based on the
patient’s good physical
condition.

The need for long-term follow-up (LTFU) after allogeneic hematopoietic cell transplantation
(HCT) has been increasingly recognized for managing late effects such as subsequent cancers
and cardiovascular events. A substantial population, however, has already terminated LTFU
at HCT centers. To better characterize follow-up termination, we analyzed the Japanese
transplant registry database. The study cohort included 17 980 survivors beyond 2 years
who underwent their ﬁrst allogeneic HCT between 1974 and 2013. The median patient age
at HCT was 34 years (range, 0-76 years). Follow-up at their HCT center was terminated in
4987 patients. The cumulative incidence of follow-up termination was 28% (95% conﬁdence
interval [CI], 27%-29%) at 10 years, increasing to 67% (95% CI, 65%-69%) at 25 years after
HCT. Pediatric patients showed the lowest probability of follow-up termination for up to
16 years after HCT, whereas adolescent and young adult (AYA) patients showed the highest
probability of follow-up termination throughout the period. Follow-up termination was
most often made by physicians based on the patient’s good physical condition. Multivariate
analysis identiﬁed 6 factors associated with follow-up termination: AYA patients, female
patients, standard-risk malignancy or nonmalignant disease, unrelated bone marrow transplantation, HCT between 2000 and 2005, and absence of chronic graft-versus-host disease.
These results suggest the need for education of both physicians and patients about the
importance of LTFU, even in survivors with good physical condition. The decreased risk for
follow-up termination after 2005 may suggest the increasing focus on LTFU in recent years.

Introduction
Expanding indications for allogeneic hematopoietic cell transplantation (HCT), advances in treatment of
complications after HCT, and increased availability of alternative graft sources have resulted in a growing
number of HCT survivors. By 2012, 1 million HCTs had been performed worldwide.1 Approximately
100 000 patients underwent allogeneic HCT before 2009 in the United States, with an estimated
number of survivors of 42 000.2 Approximately 49 000 patients underwent allogeneic HCT until 2013 in
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Figure 1. The actual number of survivors after allogeneic hematopoietic cell transplantation in each year from 1974 to 2013.

Japan.3 Although patients who have survived for at least 5 years
after HCT without recurrence of the primary disease have a high
probability of surviving for an additional 15 years, mortality rates
remained four- to ninefold higher than the expected general population
rate for at least 30 years after HCT.4 Even though they overcome early
complications, they have a higher risk for many late effects, such as
subsequent cancers and cardiovascular events, than the general
population.5-11 Recently, the need for long-term follow-up (LTFU) has
been increasingly recognized for managing late effects and psychosocial problems, and several guidelines have been proposed.12,13 Until
a decade ago, many HCT recipients who had no complications and no
medications often terminated their follow-up at HCT centers. These
patients may encounter several challenges when general physicians
do not have sufficient knowledge about late effects or complicated
comorbidities in HCT survivors.14
To keep all HCT survivors in the LTFU network, several strategies
could be planned, including education, routine LTFU outpatient
appointments, and the reunion of HCT survivors. It is very difficult to
bring back patients who already terminated follow-up at HCT
centers. Information is lacking regarding the actual number of
patients who have terminated follow-up at HCT centers in Japan, as
well as in other countries. To characterize these patients, we
analyzed information regarding follow-up status at HCT centers,
using the Japanese national transplant registry database.

Methods
Patients and data collection
The study cohort included consecutive patients who underwent
their first allogeneic HCT between 1974 and 2013 and were alive at
2 years after HCT. The Japanese Data Center for Hematopoietic
398
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Cell Transplantation collects information on recipient, donor, and
outcomes of HCT in Japan.15,16 For more than 20 years, these data
have been collected from more than 300 transplant centers
throughout the country, in collaboration with the Japan Society for
Hematopoietic Cell Transplantation, the Japan Society for Pediatric
Hematology and Oncology, the Japan Marrow Donor Program, Cord
Blood Banks, and the Japanese Red Cross Society. More than 99%
of all transplant centers in Japan reported and updated outcomes
every year.15 Participation to the HCT registry was approved by
the institutional review board of each center. Observational
studies conducted by the Japan Society for Hematopoietic Cell
Transplantation/Japanese Data Center for Hematopoietic Cell
Transplantation were carried out with a waiver of informed
consent during the study period, as clinical information was
anonymized according to the Ethical Guideline for Epidemiological
Research in Japan. The details of follow-up termination were retrospectively reviewed at 1 representative center (Japanese Red Cross
Nagoya First Hospital). This study was approved by the institutional
review board of the Japanese Red Cross Nagoya First Hospital, and
was conducted in accordance with the Declaration of Helsinki.

Definition
Follow-up termination was defined when the centers reported that
clinic visits were terminated. Patients who did not have follow-up
information for more than 3 years were also considered as having
terminated follow-up. The age range of the adolescent and young
adult (AYA) generation was defined as from 15 to 29 years.17-19
Disease risk for hematological malignancies was defined according
to the 2006 American Society for Blood and Marrow Transplantation schema.20 Acute leukemia in first or second complete
remission, chronic myeloid leukemia in first chronic phase, Hodgkin
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Table 1. (continued)

Table 1. Patient characteristics
Characteristic

No. (%)

Characteristic

Total number of patients

17 980

Chronic GVHD before 2 y

Patient age at transplantation (range), y

34 (0-76)

No. (%)

10 228 (57)

None

,15

3918 (22)

Limited

3419 (19)

15-29

3922 (22)

Extensive

4333 (24)

30-39

2911 (16)

40-49

3098 (17)

$50

4131 (23)

AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; ATL, adult T-cell
leukemia/lymphoma; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia;
MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm.
*Cord blood and haploidentical transplantation are excluded.

Patient sex
Male

10 248 (57)

Female

7732 (43)

Diagnosis
AML

5789 (32)

ALL

4077 (23)

Lymphoma/CLL

1782 (10)

CML

1678 (9)

MDS

1663 (9)

ATL

440 (2)

MPN

322 (2)

Plasma cell neoplasms

243 (1)

Aplastic anemia

1322 (7)

Immunodeficiency

306 (2)

Bone marrow failure

182 (1)

Inborn metabolic disorders

176 (1)

Disease risk
Standard

10 547 (59)

High

5447 (30)

Nonmalignant

1986 (11)

Conditioning
Myeloablative

11 198 (62)

Reduced intensity

5184 (29)

Unknown intensity

1598 (9)

Donor type
Related bone marrow

5061 (28)

Related mobilized blood cells

2509 (14)

Unrelated bone marrow

7241 (40)

Unrelated mobilized blood cells

18 (,1)

Cord blood

2845 (16)

Haploidentical related

306 (2)

or non-Hodgkin lymphoma in complete or partial chemotherapysensitive remission, chronic lymphocytic leukemia in first remission,
myelodysplastic syndrome, or myeloproliferative disorder without excess
blasts were considered standard risk. All others were defined as highrisk diseases. HLA matching for sibling and cord blood transplantation
was assessed by serological data for HLA-A, HLA-B, and HLA-DR loci.
HLA matching for unrelated transplantation was assessed using allele
data for the HLA-A, HLA-B, HLA-C, and HLA-DRB1 loci.16 HLA
mismatch was defined in the graft-versus-host disease (GVHD) vector
when recipient antigens were not shared by the donor. The intensity of
conditioning regimens was defined as described previously.21
Diagnosis and clinical grading of acute and chronic GVHD were
performed according to the established criteria.22,23

Statistical analysis
The actual number of patients belonging to the following 4 groups
were calculated in each year, using the HCT registry database:
deceased, alive less than 2 years after HCT, alive at least 2 years
after HCT, and follow-up termination.
The primary endpoint of this study was termination of follow-up at HCT
centers. The cumulative incidence of follow-up termination was
estimated, treating death before follow-up termination as a competing
event. The Fine-Gray proportional hazards model was used to examine
factors associated with follow-up termination.24 A backward stepwise
procedure was used to develop a final model, based on a P-value
threshold of .05. Covariates included patient age at HCT, patient sex,
disease risk, conditioning intensity, HLA and donor type, graft source,
year of HCT, maximum grade of acute GVHD, and severity of
chronic GVHD before 2 years. The patient age at HCT violated
the proportional hazards assumption, and an optimal cut point of
16 years was determined based on the maximum likelihood method
and separate hazard ratios before and after 16 years were estimated.

Results

HLA matching*
Match

10 909 (74)

Mismatch

3920 (26)

Year of transplantation
1974-1999

3613 (20)

2000-2005

5260 (29)

2006-2013

9107 (51)

Maximum grade of acute GVHD
Grade 0-I

Estimation of yearly HCT survivors
A total of 47 299 patients had their first allogeneic HCT between
1974 and 2013. The number of HCT survivors in each year is
shown in Figure 1. There were at least 17 379 survivors in Japan in
2013. Among them, 11 364 patients were survivors of at least
2 years, and 6015 were survivors of less than 2 years. A total of
6922 patients terminated follow-up at their HCT centers in 2013.

Characteristics of 2-year survivors
11 903 (66)

Grade II

4528 (25)

Grade III-IV

1549 (9)
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underwent HCT after 2006. Grade II-IV acute GVHD developed in
6077 patients (34%), and extensive chronic GVHD developed in
4333 patients (24%) by 2 years after HCT.

1.0
Death

Cumulative incidence

0.8

Follow-up termination at HCT centers

0.6

Among 17 980 patients who survived beyond 2 years, the HCT
centers reported follow-up termination in 3905 patients. An additional
1082 patients did not have follow-up information at their HCT centers
for more than 3 years and were considered as having terminated
follow-up. The cumulative incidence of follow-up termination was
28% (95% CI, 27% to 29%) at 10 years, increasing to 67% (95% CI,
65% to 69%) at 25 years after HCT (Figure 2). The median duration
from HCT to follow-up termination was 7.3 years (range, 2.0-26 years).
The probability of patients continuing follow-up at their HCT center
was 53% at 10 years after HCT, and the probability decreased to
only 9% at 25 years.

Follow-up continuation
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Follow-up termination
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The cumulative incidences of follow-up termination according to
patient age group is shown in Figure 3. AYA patients showed the
highest probability of follow-up termination throughout the period,
followed by those aged 30 to 39 years and those aged at least
40 years. Pediatric patients showed the lowest probability of followup termination up to 16 years after HCT, and the curve crossed at
16 years with those aged at least 40 years. The probability of followup termination in pediatric patients approached similar values to
those aged 30 to 39 years beyond 16 years after HCT. The median
patient age at the last follow-up among 1169 pediatric survivors
who terminated follow-up was 17 years (range, 2-36 years), and
573 (49%) of them were at least 18 years old at their last follow-up.

Years from transplantation
Figure 2. Cumulative incidence of follow-up termination among 2-year
survivors. The gray area represents death without follow-up termination, the blue
area represents follow-up continuation, and the green area represents follow-up
termination as mutually exclusive competing events.

Table 1. The median age of patients at HCT was 34 years (range,
0-76 years). A total of 3918 patients (22%) underwent HCT at
younger than 15 years, 3922 (22%) at age 15 to 29 years, 2911
(16%) at age 30 to 39 years, and 7229 (40%) at age 40 years or
older. The primary diagnosis was acute leukemia in 9866 patients
(55%), other hematological malignancies in 6128 patients (34%),
and nonmalignant disorders in 1986 patients (11%). Most patients
underwent bone marrow transplantation (BMT) from an HLAmatched related or unrelated donor. More than half of patients

Factors associated with follow-up termination
Multivariate analysis identified 6 factors associated with the risk
for follow-up termination (Table 2). Compared with AYA patients,
patients in other age groups had a lower risk for follow-up termination.
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Years from transplantation
No. at risk
15 years

3,918

2,823

1,502

647

153

23

15-29 years (AYA)

3,922

2,488

1,136

424

75

3

30-39 years

2,911

1,783

696

199

45

4

40 years

7,229

3,573

1,049

213

34

0

Figure 3. Cumulative incidence of follow-up termination
according to patient age at transplantation.
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Table 2. Factors associated with follow-up termination
Univariate

Multivariate

HR (95% CI)

P

HR (95% CI)

P

,15

0.65 (0.60-0.70)

,.001

0.60 (0.56-0.66)

,.001

15-29

1.00 (reference)

30-39

0.86 (0.79-0.94)

.001

0.89 (0.82-0.97)

.011

$40

0.74 (0.68-0.79)

,.001

0.79 (0.73-0.86)

,.001

,15

0.79 (0.62-1.01)

.062

0.77 (0.60-0.99)

.04

15-29

1.00 (reference)

Factor
Patient age (up to 16 y after HCT), y*

1.00 (reference)

Patient age (beyond 16 y after HCT), y*

1.00 (reference)

30-39

0.89 (0.64-1.24)

.49

0.87 (0.62-1.22)

.43

$40

0.66 (0.44-0.99)

.05

0.66 (0.44-1.00)

.05

Patient sex
Male

1.00 (reference)

Female

1.11 (1.05-1.18)

1.00 (reference)
,.001

1.12 (1.06-1.19)

,.001

Disease
Standard-risk malignancy

1.00 (reference)

High-risk malignancy

0.84 (0.79-0.90)

,.001

0.86 (0.81-0.92)

1.00 (reference)
,.001

Nonmalignant disease

1.21 (1.12-1.30)

,.001

1.14 (1.06-1.24)

.001

Conditioning
Myeloablative

1.00 (reference)

Reduced intensity

0.97 (0.91-1.04)

.40

Unknown intensity

1.11 (1.03-1.20)

.005

Donor type
Related BM

1.00 (reference)

Related PBSC

0.92 (0.84-1.01)

.081

1.00 (reference)
1.05 (0.95-1.16)

.37

Unrelated BM

1.13 (1.06-1.20)

,.001

1.19 (1.11-1.27)

,.001

Unrelated PBSC

0.52 (0.08-3.47)

.50

0.56 (0.09-3.33)

.53

Cord blood

0.82 (0.64-1.05)

.11

0.88 (0.68-1.13)

.31

Haploidentical related

0.94 (0.85-1.03)

.19

0.98 (0.88-1.09)

.73

.017

HLA matching†
Match

1.00 (reference)

Mismatch

1.00 (0.94-1.07)

.89

0.96 (0.90-1.02)

.16

0.92 (0.86-0.99)

,.001

0.86 (0.80-0.93)

Year of transplantation
1974-1999
2000-2005

1.00 (reference)

2006-2013

0.86 (0.80-0.93)

1.00 (reference)
,.001

Maximum grade of acute GVHD
Grade 0-I

1.00 (reference)

Grade II

0.91 (0.85-0.97)

.005

Grade III-IV

0.84 (0.76-0.93)

.001

Chronic GVHD before 2 y
None

1.00 (reference)

1.00 (reference)

Limited

0.82 (0.77-0.88)

,.001

0.82 (0.77-0.89)

,.001

Extensive

0.67 (0.63-0.72)

,.001

0.67 (0.62-0.72)

,.001

BM, bone marrow; PBSC, mobilized blood cells.
*Separate analyses were performed before and after 16 years because of the violation of proportional assumption.
†Cord blood and haploidentical transplantation were excluded.
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Table 3. The last performance status in patients who terminated
follow-up (N 5 4987)
Patient age at
transplantation, y
All patients
,15

ECOG performance status at the last follow-up
0

‡1

Unknown

3502 (70)

868 (17)

617 (12)

676 (58)

112 (10)

379 (32)

15-29

1180 (79)

182 (12)

123 (8)

30-39

678 (79)

152 (18)

31 (4)

$40

968 (66)

422 (29)

84 (6)

Table 4. Details of follow-up termination at 1 representative center
(N 5 355)
ECOG performance status
at the last follow-up

Physician

Patient

241 (83)

49 (17)

$1

13 (39)

20 (61)

Unknown

21 (66)

11 (34)

129 (83)

26 (17)

All patients
0

Age <15 y at HCT
0

Female patients had a higher risk for follow-up termination. Compared
with patients with standard-risk malignancy, those with high-risk
malignancy had a lower risk for follow-up termination, whereas those
with nonmalignant disease had a higher risk for follow-up termination.
Compared with patients who had BMT from a related donor, those
who had BMT from an unrelated donor had a higher risk for follow-up
termination. Compared with HCT between 2000 and 2005, HCT
before 2000 and HCT after 2005 were associated with a lower risk for
follow-up termination. Development of chronic GVHD before 2 years
after HCT, particularly extensive chronic GVHD, was associated with a
lower risk for follow-up termination.

Details of follow-up termination
Although the HCT registry did not collect reasons of follow-up
termination, the registry collected ECOG performance status
(PS) at the patient’s last follow-up. Among 4987 patients who
terminated follow-up, the last PS was 0 in 3502 patients (70%),
at least 1 in 868 patients (17%), and unknown in 617 patients
(12%; Table 3).
To characterize the details of follow-up termination according to
the patient’s last PS, we retrospectively examined 355 consecutive
2-year survivors of allogeneic HCT between 1974 and 2013 who
terminated follow-up at 1 representative center (Japanese Red Cross
Nagoya First Hospital; Table 4). The decision of follow-up termination
was made by physicians in 241 cases (83%) with the last PS of 0,
in 13 cases (39%) with the last PS of at least 1, and in 21 cases
(66%) with unknown last PS. Among the 80 cases where patients
decided to terminate their follow-up, 33 (41%) lived distant from
the hospital, 13 (16%) had socioeconomic reasons, and 34 (42%)
had other reasons. These proportions were similar across all the
age groups.

Discussion
Using the national HCT registry database in Japan, we showed that
the cumulative incidence of follow-up termination at HCT centers was
28% at 10 years, increasing to 67% at 25 years, after allogeneic HCT.
Multivariate analysis identified 6 factors associated with follow-up
termination: AYA patients, female patients, standard-risk or nonmalignant disease, unrelated BMT, HCT between 2000 and 2005,
and absence of chronic GVHD.
Khera et al reported on the adherence to preventive care practices
using patient questionnaires. The probability of adherence to recommended preventive care was 75%, with a median follow-up of
11 years after HCT. The lower adherence was associated with
concerns regarding medical costs, male sex, lower physical functioning, the absence of chronic GVHD, a longer time after HCT, and poor
knowledge of recommended tests.25 Although different analytic
402
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Person who made the decision, no. (%)

$1
Unknown

7 (58)

5 (42)

12 (63)

7 (37)

50 (81)

12 (19)

Age 15-29 y at HCT
0
$1

0 (0)

1 (100)

Unknown

3 (60)

2 (40)

27 (87)

4 (13)

$1

1 (13)

7 (88)

Unknown

3 (75)

1 (25)

35 (83)

7 (17)

$1

5 (42)

7 (58)

Unknown

3 (75)

1 (25)

Age 30-39 y at HCT
0

Age ‡40 y at HCT
0

methods were used in both studies, the probability of continued
LTFU at 11 years after HCT was 48% in the current study.
Follow-up termination was most often made by physicians based on
the patient’s good physical condition. Indeed, younger adult
patients, those with standard-risk malignancy or nonmalignant
disease, and those without chronic GVHD showed a higher risk for
follow-up termination in the current study. The reason why the use of
unrelated bone marrow donors was associated with a higher risk for
follow-up termination than the use of related bone marrow donors
remains to be elucidated. Several studies showed that the use of
HLA-matched related bone marrow donors resulted in the best
GVHD-free, relapse-free survival.26-28 The lower risk for follow-up
termination after 2005 compared with 2000 to 2005 may suggest
that the importance of LTFU has been increasingly recognized after
2005.
Female sex was found to be a risk factor for follow-up termination,
an unexpected result because female patients usually have better
adherence in several studies.29-31 A registry study of Japanese
patients showed higher GVHD-free, relapse-free survival in female
patients than in male patients.27 Thus, better physical condition
might explain the higher risk for follow-up termination in female
patients. The greater concern regarding medical costs among
female patients may also contribute to this effect.25 The discrepancy between current studies and other studies may be a result of
different study methods. Follow-up termination in this study could
represent better physical condition or poor adherence, although it
represented only poor adherence in other studies.29-31
Pediatric patients aged 0 to 15 years showed the lowest probability
of follow-up termination up to 16 years after HCT. This observation
12 FEBRUARY 2019 x VOLUME 3, NUMBER 3
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could represent parental contributions until the patients became adults
and independent. Pediatric patients usually receive comprehensive
care from a medical team including social workers, psychologists, and
pediatricians.32 Thus, patients and their families may find it difficult to
leave this very supportive environment, and many childhood survivors
continue follow-up by pediatricians. Based on our data, approximately
half the pediatric patients who terminated follow-up were followed by
pediatricians after they became adults. To avoid the loss in transition
from a pediatrician to a physician, cooperation between the pediatric
and adult LTFU system is needed.14,33,34

not incorporate death data from the national vital statistics registry,
and death information is derived from only HCT centers.

Recent studies have shown that even healthy HCT survivors have
greater risks for subsequent cancers, cardiovascular events, and other
late effects such as metabolic syndrome, avascular necrosis, and iron
overload than the general population.5-7,27,35-38 Some survivors may
have very late cardiac or pulmonary complications.39-42 The onset of
bronchiolitis obliterans varies from 3 months to more than 10 years
after HCT.43 If these complications occurred after patients had
terminated follow-up at their HCT center, it might be difficult for a
general physician to provide adequate medical care including
diagnosis and treatment. Thus, we should maintain the communication with all long-term survivors after HCT and establish the
efficient network and collaboration between transplant centers
and community healthcare providers.
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