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Application of the continual reassessment
method to a phase I dose-finding trial
in Japanese patients: East meets West

Satoshi Morita*

After cancer-related phase I dose-finding trials are completed in Western countries, further phase I trials
are often conducted to determine recommended doses (RDS) for Japanese patients. This may be due to
concerns about possible differences in treatment tolerability between Caucasians and Japanese. In most of
these, a conventional ‘343’ cohort study design is used in making dose escalation decisions, possibly due
to its relatively easy implementation. Since its proposal by O’Quigley ef al. (1990; Biometrics, 46:33-48),
the continual reassessment method (CRM) has been used increasingly in cancer-related phase I dose-finding
studies as an alternative to ‘343’ designs. One of the principal advantages of applying a Bayesian CRM
may be the utilization of all available prior information to estimate RDS through prior distributions that
are assumed for model parameters representing the dose—toxicity relationship. In this paper, we present an
application of the Bayesian CRM to a phase I dose-finding study in Japanese patients with advanced breast
cancer using an informative prior elicited from clinical investigators. In some settings, it may be appropriate
to use an informative prior that reflects the accurate and comprehensive previous knowledge of clinical
investigators. On the other hand, for a model-based Bayesian outcome-adaptive clinical trial, it is necessary
to establish sufficiently vague priors so that accumulating data dominate decisions as the amount of observed
data increases. Thus, we retrospectively investigated the relative strength of the prior using a recently proposed
method to compute a prior effective sample size. Copyright © 2011 John Wiley & Sons, Ltd.
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1. Introduction

After cancer-related phase I dose-finding trials are completed in Western countries, Japanese investi-
gators often conduct trials using the same regimens in Japan to find the optimal doses for Japanese
patients. This may be because of concerns about possible differences in treatment tolerability between
Caucasians and Japanese. In many cases, recommended doses (RDs) of treatments have been set at
higher levels in Caucasians than in Japanese. For example, a phase I study of Taxotere (docetaxel)
monotherapy was undertaken in Caucasians to test dose levels from 5 to 115 mg/m? [1]. This study
identified 100mg/m? as the RD. A subsequent phase I study in Japan tested dose levels from 20 to
90mg/m?, and determined that 60 mg/m? was the RD for Japanese patients [2].

Japanese clinical investigators develop phase I trial study designs using observed toxicity data and
RD levels identified in Western trials as pre-study information. For example, they test a smaller number
of dose levels than the original study at doses that account for the RDs in Caucasian patients. In most
of these Japanese phase I trials, a conventional ‘343’ cohort design is used for making dose escalation
decisions, possibly due to its relatively easy implementation and statistical simplicity and the fact that
clinical investigators are in general quite familiar with it.

Since its proposal by O’Quigley et al. [3], the continual reassessment method (CRM) has been
increasingly used in phase I dose-finding studies in cancer patients as an alternative to the ‘343’
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design. The CRM, based on a Bayesian parametric model that includes a logistic and a power model
[3,4] is characterized by one or more model parameters representing the dose—toxicity relationship.
Although two-parameter models are flexible, they generally require a larger number of patients to
estimate two model parameters, e.g. intercept and slope. One-parameter models that analyze one aspect
of the dose—toxicity curve (in many cases, the slope) may not be flexible enough to accurately estimate
the entire dose—toxicity curve. However, because a one-parameter model in the CRM has proven to be
robust in determining a RD [3], it may be reasonable to use a one-parameter model for dose-finding in
a cancer phase I trial.

The prior distributions assumed for model parameters are derived from pre-study information and
are updated based on accumulated toxicity data observed in consecutive patient cohorts. The prior
distribution of the model parameter should reasonably represent clinical investigators’ uncertainty about
the dose~toxicity relationship before starting the study, sometimes based on historical data from previous
clinical studies. A Bayesian approach that formally uses historical/external data to establish such a
prior distribution has not yet been fully developed. However, the integration of any available prior
information into the estimation of RD levels for Japanese patients may be one of the major advantages
of applying Bayesian CRM.

In some settings, it may be appropriate to use an informative prior that reflects the accurate and
comprehensive knowledge that clinical investigators already possess. On the other hand, in other cases
one may need to avoid excessively informative priors that may unduly influence posterior inferences.
In particular, for clinical trials with a model-based Bayesian outcome-adaptive design, it is necessary
to establish sufficiently vague priors so that accumulating data dominate decisions as the amount of
observed data increases. After completing a Japanese phase I trial, we were concerned about the strength
of the established prior distribution relative to the observed data in the trial in which 16 patients were
enrolled in total. Thus, we retrospectively investigated the relative strength of the prior using a recently
proposed method to compute a prior effective sample size (ESS) [5]. In this paper, we present an
application of the CRM to a phase I dose-finding study in Japanese patients with advanced breast
cancer using an informative prior elicited from Japanese clinical investigators.

Section 2 provides a motivating example. In Section 3, we describe the application of the CRM to
a Japanese phase I study. We discuss establishment of a prior assumed for a dose—toxicity relationship
in Section 4. We close with a discussion in Section 5.

2. A motivating example

Although chemotherapy regimens utilizing infusional 5-FU, e.g. the CEF-infu regimen (cyclophos-
phamide, epirubicin, and infusional 5-FU) [6], have been shown to have high antitumor activity, such
regimens require central venous access and pumps. To avoid these inconveniences, a research team
from the European Organization for Research and Treatment of Cancer (EORTC) conducted a phase I
dose-finding study to develop a new combination regimen substituting the infusional 5-FU in CEF-infu
with capecitabine [7]. Capecitabine (Xeloda®) is a novel oral 5-FU prodrug with high single-agent
antitumor activity in metastatic breast cancer [8, 9], and also represents an attractive combination partner
for the other CEF-infu chemotherapeutic agents [10-12]. The primary objective of the EORTC study
was to determine the RD of capecitabine in combination with epirubicin and cyclophosphamide (CEX)
in patients with advanced breast cancer. In the EORTC CEX study, four dose levels were planned for
capecitabine in combination with fixed doses of epirubicin and CEX (100 and 600mg/m?, day 1, every
3 weeks), as summarized in Table I. Capecitabine was escalated from 750 to 1250 mg/m? twice daily
for three weeks in four dose levels. A conventional ‘3+3’ cohort design was used when making dose
escalation decisions. That is, escalation to the next dose level was permitted if zero out of three (0/3)
or one out of six (1/6) patients experienced dose-limiting toxicity (DLT). DLT is usually defined as the
occurrence of grade 4 hematologic toxicity and grade 3 or 4 non-hematologic toxicity. If more than one
patient developed a DLT, the maximum toxic dose (MTD) was reached, and the previous dose level
was defined as the RD for phase II studies. In this study, 11 patients received CEX at four dose levels.
While defining the MTD, three, three, three, and two patients were entered at dose levels 1, 2, 3, and
4, respectively, as shown in Table I. No DLTs occurred at dose levels 1, 2, and 3. At dose level 4, two
out of two patients experienced DLTs, In addition, a high rate of capecitabine treatment modification
(interruption and/or reduction) was required at dose level 3. Thus, the EORTC CEX study concluded
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Epirubicin Capecitabine a Incxde;xcc; ;)f
Dose level ~ (mg/m?, day 1 q21d)  (mg/m? twice daily, days 1-14 g21d) DLTs*
Japanese CEX 4 100 900 —
3 90 900 z
2 90 829 g
1 75 829 3
0 75 628 8
EORTC CEX 4 100 1250 2
3 1050 9
2 900 3
1 750 3

*The number of patients experiencing any DLT/the number of evaluable patients.

that the recommended CEX regimen be limited to dose level 2 and consist of capecitabine 900 mg/m?
twice daily, epirubicin 100mg/m?, and CEX 600mg/m?.

Although the EORTC study identified a recommended CEX regimen in this way, concern was raised
over possible differences in CEX tolerability between Caucasians and Japanese [6, 13]. To answer this
question, we conducted a phase I dose-finding trial using the CRM to determine the RDs of the CEX
combination in Japanese patients with advanced breast cancer [14, 15]. Based on data from the EORTC
CEX study and assuming that the RD of CEX in Japanese patients should not be higher than that in
Caucasians, five dose levels (0—4) were planned in the Japanese CEX study, as summarized in Table L.
Treatment consisted of a fixed dose of CEX (600 mg/m? on day 1) in combination with three doses of epiru-
bicin and three doses of capecitabine. Dose level 4, the highest in our study, corresponded to the CEX RD
as determined in the EORTC CEX analysis. The European and Japanese CEX studies employed the same
DLT definitions.

3. The CRM in the Japanese cex trial

3.1. Study design using the CRM

3.1.1. Dose—toxicity model. In the CRM we used numerical dose levels X; for j=0,...,4, to reduce
the dimension of the dose levels for the CEX treatment consisting of the three anti-cancer agents. The
numerical values of X ; were specified using ‘backward fitting’ [16] as described below, instead of the
actual dose levels for the CEX treatment in Table I. This dimension reduction allows a dose—toxicity
model to suitably fit the pre-study estimates of the proportion of patients who would experience a DLT
at the dose levels. The outcome variable is the indicator ¥; =1 if a patient i suffers a DLT, O if not. A
one-parameter logistic regression model,

exp(fo+B1X)
n(X;, B)=Pr(Y;=1|X;, f)= 1
(Xi, y=Pr(Yi =1]X;, B) TSexp(Bot fi X1) M
with the intercept bg fixed at 3 and a slope parameter by, is assumed. The likelihood for n patients is
n
FYIXn, B =TT 2(Xi, Y {1 =23, YN @)

i=1

3.1.2. Setting up the CRM. Before starting the study, we conducted a preliminary study among partic-
ipating clinical oncologists to obtain necessary reference information for implementing the CRM. We
set up the CRM design using the following five steps:

(i) In step 1, we identified the target DLT probability as 0.33 and obtained the prior estimates of
the proportion of patients who would experience a DLT at each dose level from 0 to 4 as 0.05,
0.10, 0.25, 0.40, and 0.60, respectively.
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(ii) In step 2, we predetermined the model’s intercept bg at 3, as discussed in Section 3.1.3.
(iii) In step 3, we specified a prior distribution function of the slope b;. Letting Ga(a, b) denote the
gamma distribution with mean a/b and variance a/b?, we assumed Ga(a, b) for by in order to
constrain the slope b1 to be positive and for computational convenience. This constraint implies
an assumption that a higher dose level increases the probability of DLT.
In step 4, we specified numerical values of X; for j=0, ..., 4 using backward fitting as follows.
We added a constraint E(b;)=1 that corresponds to an equation @ =b in the gamma prior distri-
bution to make the a priori dose~toxicity curve exactly reflect the prior estimate of DLT occur-
rence probabilities regardless of the degree of clinical uncertainty [17]. Under the dose-toxicity
model with the slope b; fixed at 1, we computed each X; to match Pr(Y =1|X, fy=3, f1=1)
with the prior probability estimate of DLT occurrence at dose level j for j=0,...,4. As a
result, {Xo, X1, X2, X3, X4} ={—5.94, -5.20, —4.10, —-3.41, —2.60}.
(v) In step 5, we specified the hyperparameters of the prior p(bi|a, b) as a=b=35. Details of this
step are described in Section 4.

(iv)

3.1.3. Specification of the intercept by. Under a=>b=35 and bg=3, the prior dose-toxicity curve with
a 90 per cent credible interval is given in Figure 1(a). This prior dose-toxicity curve may reflect the
oncologist’s greater confidence in higher rather than lower dose levels. That is, taking into account
that dose level 4 in the Japanese CEX study corresponds to the RD identified in the EORTC CEX
study, bo=3 may be a reasonable choice. In contrast, if we use a negative value for the intercept, i.e.
bo=-5, {Xo, X1, X2, X3, X4} is computed as {2.06, 2.80, 3.90, 4.59, 5.41} using backward fitting.
In this setting, the prior dose-toxicity curve represents greater uncertainty in higher rather than lower
dose levels (Figure 1(b)) and therefore should be considered that the specification by = —5 contradicts
the pre-study information. ‘

3.1.4. Dose escalation/de-escalation rule. Our study plan involved treating up to 22 patients. The
starting dose was level 1, which was given to the first enrolled patient. The CRM then ran sequentially
with three patients per cohort. Each cohort was treated at the dose level X ; with an estimated probability
of DLT n{X;, E(f,|data)} closest to 0.33 and not exceeding 0.40. If the computed probability of
the suggested dose level was greater than 0.40, the cohort was treated at the preceding dose level.
Untried doses were not skipped when escalating dose level. The trial was stopped if level 0 was
considered too toxic to be administered, e.g. n{Xg, £(f,|data)}>0.40. The posterior distribution of the
slope parameter b; and each posterior estimate n{X ;, E(f;|data)} along with its 90 per cent credible
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Dose level 0 1 2 3 4 Dose level 0 1 2 3 4
Epirubicin 75 75 90 90 100 (mg/m?) Epirubicin =~ 75 75 90 90 100 (mg/mR)

Capecitabine 628 829 829 900 900 (mg/m?twice daily)

Capecitabine 628 829 829 900 900 (mg/n?twice daily)

Figure 1. (a) Prior dose—toxicity curve (solid line) and its 90 per cent credible intervals (dashed lines) with the

intercept bo=23 under the gamma prior distribution, Ga (5,5). The horizontal axis X denotes the dose levels.

The five values of (X1, X2, X3, X4, X5} ={-5.94, -5.20, —4.10, —3.41, —2.60} used in the CRM computation

are indicated by arrows. The actual dose levels of epirubicin and capecitabine are also shown. The horizontal

straight line indicates the target DLT level (0.33) and (b) Prior dose—toxicity curve and its 90 per cent credible
intervals with the intercept by = —3.
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Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6
No. of evaluable patients 1 3 3 3 3 3
Doselevel* 1 0 1 2 3 3
Epirubicin (mg/m?2, day 1 q21d) 75 75 75 90 90 90
Capecitabine (mg/m2 twice daily, days 1-14 q21d) 829 628 829 829 900 900
No. of patients experiencing any DLT 1 0 0 0 1 1
Grade 3 HFST 1 — — — — —
Grade 3 anorexia —_ — — — 1 —
Grade 3 mucositis — — — — — 1

*The dose level of CEX was fixed at 600mg/m2 on day 1 every 3 weeks.
THFS, hand-foot syndrome.

1.0
0.9
0.8
0.7
06
0.5

0.4
0.3+
0.2+
0.1+
0.0

DLT prob ability

-4 .3
Dose level 0 1 2 38 4
Epirubicin = 75 75 90 90 100 (mg/n?)
Capecitabine 628 829 829 900 900 (mg/n?twice daily)

Figure 2. The posterior mean dose—toxicity curve (solid line) and its 90 per
cent credible intervals (dashed lines) after updating with the toxicity data from
all 16 patients.

interval were computed using numerical integration. An Independent Data and Safety Monitoring
Committee (IDSMC) reviewed the interim analyses and was assigned the responsibility of making any
recommendations to stop the trial on both clinical and statistical perspectives.

3.2. Implementation of the CRM

Because the results of the Japanese CEX trial were reported in detail in Saji e al. [14] and Morita et al.
[15], we report here in brief. DLTs observed at each dose level and the dose escalation/de-escalation
history throughout the study are shown in Tables I and II, respectively. The first patient treated at level
1 experienced a DLT (grade 3 hand-foot syndrome). The dose level was then de-escalated to level
0 for the second cohort. No DLTs were identified in the second, third (level 1), and fourth (level 2)
cohorts. One of three patients in cohort 5 treated at level 3 experienced DLT (grade 3 anorexia). In
the next cohort treated at level 3, one patient experienced DLT (grade 3 mucositis). Figure 2 shows
the updated dose-toxicity curve including toxicity data from these 16 patients. The estimated DLT
occurrence probability at level 3 was 0.354 (90 per cent credible interval: 0.174-0.560). With respect
to efficacy data, one complete response and three partial responses were observed in six patients at
level 3. Taking these CRM computations and the encouraging efficacy data into account, the DSMC
recommended that the study be stopped. Therefore, we terminated the study and recommended that
dose level 3 be further evaluated in a phase II trial.

Copyright © 2011 John Wiley & Sons, Ltd. Statist. Med. 2011, 30 2090-2097
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4. Establishing a prior

In clinical trials with Bayesian model-based study designs, the prior should reasonably represent the
physician’s uncertainty. We established the prior distribution used in the Japanese CEX study based on
the knowledge and experience of the participating clinical oncologists with regards to the CEX regimen.
As described in Section 3, we assumed a gamma distribution Ga(a, b) for the prior distribution of the
slope parameter b;. Subject to a =b, the hyperparameter a determines the credible interval of the prior
dose—toxicity curve under the gamma prior Ga(a, b). Thus, we determined that the hyperparameter
a appropriately depicted the pre-study perceptions of the surveyed oncologists regarding the dose—
toxicity relationship. By adjusting the hyperparameter a, i.e. a=2, 8, 20, 40, in addition to a=5
(Figure 1(a)) we created several graphical presentation patterns as shown in Figure 3. The clinical
oncologists consulted in this study came to the consensus that the DLT probability at dose level 1
would be unlikely to be higher than 0.7 (more than double the target DLT level of 0.33) and the DLT
probability at dose level 4 would be at least higher than 0.15 (around half of the target DLT level). The
oncologists also concurred that the prior dose—toxicity curve and its credible interval constructed ata=35
reasonably reflected their knowledge and contained a sufficiently large degree of clinical uncertainty.
Although we determined the hyperparameters of the prior of b; based on an extensive discussion
of the previous data using meticulous graphical presentations, our choice of the hyperparameters was
arbitrary. If an established prior is overly informative, the prior may unduly influence posterior inferences
and decisions, particularly early in the trial. Since dose levels must be selected sequentially in phase I
dose-finding trials based on very small amounts of data, it may be important to quantify information
contained in the chosen priors. These concerns may be addressed by quantifying the prior information

+f
Dose level 0 1 2 3 4 Dose level 0 1 2 3 4
_Epirubicin 75 75 90 90 100 (mg/m?) Epirubicin 75 75 90 90 100 (mg/m?)

Capecitabine 628 829 829 900 900 (mg/m?twice daily) Capecitabine 628 829 829 900 800 (mg/m?twice daily)

Figure 3. Prior dose—toxicity curves with hyperparameters a=2, 8, 20, and 40.
Dashed lines indicate its 90 per cent credible intervals.

Copyright © 2011 John Wiley & Sons, Ltd. Statist. Med. 2011, 30 2090-2097

— 268 —




Statistics
in Medicine | . MORITA

in terms of an equivalent number of hypothetical patients, i.e. a prior ESS. Such a summary would
allow one to judge the relative contributions of the prior and the data to the decisions. We applied an
ESS method proposed recently by Morita ef al. [5] to the Japanese CEX trial in a retrospective fashion.
The prior ESS computed at a =5 was 2.1. Thus, after enrolling three patients, the information from
the likelihood started to dominate the prior, as desired. In addition, under Ga(5,5), the coefficient of
variation (=standard deviation/mean) of the slope parameter b; was approximately 0.45, which might
indicate some uncertainty in the slope parameter. Hence the prior specified in the Japanese CEX trial
seemed quite reasonable.

As for the sensitivity analysis of the prior, the prior ESS values computed at a=2, 6, 7, 8, 20, and
40 are 0.86, 2.6, 3.0, 3.4, 8.6, and 17.1, respectively. It appears that a<7 may be needed to ensure an
ESS<3. The prior with a=40 has ESS=17.1, so that it has impact roughly equal to that of the data
on the posterior inference, as suggested by comparing Figures 2 and 3. In addition, under a =40, the a
priori 90 per cent credible interval for the increase in the odds of a DLT occurrence, e.g. for the dose
escalation from level 1 to level 2, is computed as 2.3-4.1, which may be excessively narrow compared
with the 90 per cent credible interval of 1.5-7.5 computed under a =5. Thus, given the limited amount
of information available during the design stage of the Japanese CEX study, the prior with a =40 may
be criticized as being overly informative.

5. Discussion

When designing a phase I dose-finding study using a Bayesian CRM, certain choices must be made
regarding details involved in a dose—toxicity model, numerical values of dose levels, prior distributions
of model parameters, etc., and these should be sensible and plausible. If a one-parameter logistic model
is chosen for modeling a dose—toxicity relationship, as was our approach in the Japanese CEX study,
the intercept has to be specified at a certain real value. The actual dose levels of the combination
therapy planned in the Japanese CEX study were based on information from the identical regimen
conducted earlier in Caucasian patients, the EORTC CEX trial. In order to reduce the dimension of
the dose levels, we specified the numerical values of the dose levels in the dose—toxicity formulation
using backward fitting. In addition, we established the prior distribution of the slope parameter in the
Japanese phase I trial by eliciting pre-study perceptions regarding the dose—toxicity relationship from
Japanese clinical investigators.

So far, in many cases Japanese clinical investigators have conducted phase I studies assuming that a
RD in Japanese patients should be lower than in Caucasian patients, based on results of clinical trials
conducted in Western countries. That is, a large amount of historical data based on numerous studies
has been integrated to design Japanese phase I trials. The Japanese CEX study, however, did not take
full advantage of the pre-study information on dose—toxicity relationships derived from the EORTC
CEX study to formally establish the prior distribution of the model parameter in the CRM.

Differences in RDs may be caused by specific differences between the abilities of Japanese and
Caucasian populations to tolerate particular toxicities. These interracial differences can be regarded as
patient prognostic covariates, but unfortunately such covariates have not yet been identified. Extensions
of methods to find RDs for ordered prognostic subgroups have been proposed by O’Quigley and Paoletti
[18], Yuan and Chappell [19], and Ivanova and Wang [20]. These methods may be applied to identifying
RDs within racial subgroups in the setting of a multinational phase I study. Thall et al. [21] have
proposed a Bayesian sequential phase I/II dose-finding design accounting for patient covariates and
dose~covariate interactions. This method may also prove useful in modeling the Japanese—Caucasian
association in a multinational study setting. It may be a significant challenge, however, to construct
informative prior(s) on such an interracial difference in dose—toxicity curves [22].

In the context of Bayesian clinical trial design, well-chosen priors are important to ensure that
posterior-based decision rules have good study operating characteristics. Some appropriate criteria for
calibrating priors may be desired to obtain sensible prior distributions. A prior ESS quantifying the prior
information in terms of the number of hypothetical patients may provide a useful tool for understanding
the impact of prior-related assumptions. A useful property of prior ESS is that it is readily interpretable
by clinical investigators who are involved in designing a clinical trial. ESS_RegressionCalculator.R,
a computer program used to calculate the ESS for a normal linear or logistic regression model, is
available from the website http://biostatistics.mdanderson.org/SoftwareDownload.
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Continuing increased risk of oral/esophageal cancer
after allogeneic hematopoietic stem cell transplantation
in adults in association with chronic graft-versus-host
disease
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Background: The number of long-term survivors after hematopoietic stem cell transplantation (HSCT) showed steady
increase in the past two decades. Second malignancies after HSCT are a devastating late complication. We analyzed the
incidence of, risk compared with that in the general population, and risk factors for secondary solid cancers.

Patients and methods: Patients were 17 545 adult recipients of a first allogeneic stem cell transplantation between
1990 and 2007 in Japan. Risks of developing secondary solid tumors were compared with general population by using
standard incidence ratios (SIRs).

Results: Two-hundred sixty-nine secondary solid cancers were identified. The cumulative incidence was 0.7% [95%
confidence interval (Cl), 0.6%-0.9%)] at 5 years and 1.7% (95% Cl, 1.4%—1.9%) at 10 years after transplant. The risk was
significantly higher than that in the general population (SIR=1.8, 95% Cl, 1.5-2.0). Risk was higher for oral cancer
(SIR=15.7, 95% Cl, 12.1-20.1), esophageal cancer (SIR=8.5, 95% Cl, 6.1-11.5), colon cancer (SIR=1.9, 95% Cl,
1.2-2.7), skin cancer (SIR =7.2, 95% Cl, 3.9-12.4), and brain/nervous system cancer (SIR= 4.1, 95% Cl, 1.6-8.4). The
risk of developing oral, esophageal, or skin cancer was higher at all times after 1-year post-transplant. Extensive-type
chronic graft-versus-host disease (GVHD) was a significant risk factor for the development of all solid tumors (RR= 1.8,
P <0.001), as well as for oral (RR=2.9, P <0.001) and esophageal (RR=5.3, P <0.001) cancers. Limited-type chronic
GVHD was an independent risk factor for skin cancers (RR=5.8, P=0.016).

Conclusion: Recipients of allogeneic HSCT had a significantly higher ~2-fold risk of developing secondary solid
cancers than the general population. Lifelong screening for high-risk organ sites, especially oral or esophageal cancers, is
important for recipients with active, or a history of, chronic GVHD.

Key words: secondary solid cancers, late effect, hematopoietic stem cell transplantation

introduction disorders [1]. The annual number of allogeneic HSCT has in-
creased steadily over the past three decades worldwide [2-6].
Progress in transplant procedures in addition to this steady in-
crease in the number of HSCT procedures worldwide has con-
tributed to an increase in the number of long-term survivors.
Correspond.ence to: *Dr Yoshiko Atsuta, l.)epanjtrr.\em of Hematogmet}c Stem Cell Secondary malignan cies, in cluding new solid cancers, are an
Transplantation Data Management and Biostatistics, Nagoya University Graduate . 3 lity. S | dies h

School of Medicine, 1-1-20 Daiko-Minami, Higashi-ku, Nagoya 461-0047, Japan,  important cause of late mortality. Several studies have reported
Tel: +81-52-719-1973; Fax: +81-52-719-1973; E-mail: y-atsuta@med.nagoya-u.ac.jp that survivors of HSCT have a 2-3-fold increased risk of

Hematopoietic stem cell transplantation (HSCT) is a curative treat-
ment of choice for malignant and non-malignant hematological

© The Author 2014. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
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developing new solid cancers compared with an age-, sex-,
region-, and calendar-year-adjusted population and the risk
among long-term survivors ranges from 1% to 6% at 10 years
after transplantation [7-14]. Identified risk factors include ex-
posure to radiation as a part of the conditioning regimen and
chronic graft-versus-host disease (GVHD), and the latter has
been shown to be strongly correlated with the development of
squamous cell carcinoma [8, 10, 12, 15-17]. However, a recent
long-term follow-up analysis of patients who were transplanted
after myeloablative doses of busulfan and cyclophosphamide
without total body irradiation (TBI) found a similar increased
incidence of 0.6% at 5 years and 1.2% at 10 years after trans-
plantation [13]. We conducted a nationwide, retrospective
cohort study with a large and different cohort from those used
in previous reports from North America and Europe, to deter-
mine the incidence and risks of developing secondary solid
cancers.

methods

data source and collection of data

The recipient clinical data were collected by the Japan Society for Hematopoietic
Cell Transplantation (JSHCT) using the Transplant Registry Unified
Management Program, as described previously [18]. The JSHCT collect reci-
pients’ baseline, disease, transplant, and transplant outcome information
who received HSCT in the previous year. Patient information regarding sur-
vival, disease status, and long-term complications including chronic GVHD
and second malignancies are renewed annually. This study was approved by
the data management committee of the JSHCT, as well as the institutional
review board of Nagoya University Graduate School of Medicine.

patients

Adult patients (at least 16 years of age) who received a first HSCT between
1990 and 2007 were considered as subjects for the present study. Those who
were inherently susceptible to developing cancer [Fanconi anemia (N=3)
and congenital immunodeficiency (N = 12)] were excluded. Three-hundred
five recipients (1.7%) were excluded because of insufficient follow-up data.
The study included 17545 recipients; 5358 recipients of related bone
marrow, 3587 recipients of related peripheral blood stem cells (including 134
bone marrow and peripheral blood stem cells combined), 6508 recipients of
unrelated bone marrow, and 2092 recipients of unrelated cord blood.

statistical analysis

Standard incidence ratios (SIRs) were calculated to determine whether the
number of recipients in the present cohort who developed secondary solid
tumor after receiving a HSCT was different than that in the general popula-
tion (supplementary method, available at Annals of Oncology online).
Cumulative incidences of solid cancer or GVHD were estimated by taking
into account the competing risk of death among patients who did not
develop a second malignancy or GVHD [19]. The influence of potential risk
factors was estimated by using the Cox proportional hazard model [20]. A
stepwise multivariate approach was used to identify the most important pre-
dictor with respect to the development of secondary solid cancers. The vari-
ables considered were age at transplant, patient sex, donor-type (related
versus unrelated), graft source, TBI as part of the conditioning regimen,
reduced-intensity conditioning, grade 2-4 acute GVHD, and chronic
GVHD. The model was stratified into four categories according to the
primary disease; acute myeloid leukemia, acute lymphoblastic leukemia,
chronic myeloid leukemia, and others. Acute and chronic GVHD were
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considered as time-dependent covariates. TBI and chronic GVHD were fre-
quent risk factors and were always kept in the model. Risk factors for high-
risk cancer sites with adequate numbers of events for analyses were also ana-
lyzed: oral cavity/pharynx, esophagus, colon, and skin. The models for high-
risk cancer sites were stratified according to the primary disease as described,
and patient age at transplantation (<19, 20-29, 30-39, 40-49, 50-59, and
>60), and also adjusted by patient age as a continuous variable. All P-values
were two-sided.

results

patient and transplant characteristics

Table 1 shows the patient characteristics, their disease, and trans-
plant regimens for 17 545 recipients of a first HSCT. The curnula-
tive incidences of grade 2-4 acute GVHD at 150 days and chronic
GVHD at 2 years post-transplant were 35% [95% confidence
interval (CI), 35%-36%] and 41% (95% CI, 40%-41%), respect-
ively. The observation period reached 69 465 person-years among
the subjects for analyses. Of the 17 545 recipients, 5864 had sur-
vived for 5 or more years, and 2192 recipients had survived 10 or
more years at the time of analysis (Table 2).

incidence and types of secondary solid cancers

The cumulative incidence of solid cancers was 0.7% (95% CI,
0.6-0.9) at 5 years, 1.7% (95% CI, 1.4-1.9) at 10 years, and 2.9%
(95% Cl, 2.5-3.4) at 15 years after transplantation (Figure 1).
Two-hundred sixty-nine solid cancers were identified. Multiple
solid cancers were observed in 11 patients. Nineteen recipients
were diagnosed within 1-year post-transplantation (Table 2).

risk compared with the general population

HSCT recipients had a 1.8-fold higher risk of invasive solid
cancers compared with the general population (95% CI, 1.5~
2.0). SIR was significantly higher for cancers of the oral cavity/
pharynx (SIR =15.7), esophagus (SIR =8.5), colon (SIR =1.9),
skin (SIR =7.2), and brain/nervous system (SIR = 4.1; Table 2).
The risks of developing secondary cancers of the oral cavity/
pharynx, esophagus, and skin were significantly higher than
those in the general population throughout all periods after 1
year (Figure 2). The risk for developing colon cancer was ele-
vated during the period of 1-4 years (SIR =2.7), whereas the
risks for developing cancer of the pancreas (SIR = 4.5) were ele-
vated during the period of 5-9 years. Recipients were at higher
risk of developing cancers of the rectum (SIR=3.6) and the
brain/nervous system (SIR=19.1) after 10 years post-trans-
plantation. The risk of developing secondary solid cancers of all
types compared with the general population increased with the
time since transplantation. This trend was observed for oral/
pharynx and esophageal cancer (Table 2; Figure 2).

recipients’ age at transplantation and risks for
developing secondary solid cancers

SIRs were also analyzed according to the recipient’s age at trans-
plantation (Table 3). Compared with the general population in
Japan, the SIRs were significantly increased for all solid cancers,
oral/pharynx, esophagus, liver, bronchus/lung, and brain/nervous
system for recipients who were 16-19 years of age at transplant,
all solid cancers, oral/pharynx, and esophagus for recipients who
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| Table . Patient, discase

.| Characteristics

and transplant characteristics. |~ ¢

Number

Percent £
Total number 17 545 ‘
| Year of transplant
1990-1994 1630 9 '
1995-1999 3750 21
2000-2004 7078 40
2005-2007 5087 29
| Patient sex
Male 10 386 59
Female 7149 41
Missing 10 <1
| Patient age
| Median (range) 40 (16-85)
16-19 1399 8
20-29 3506 20
30-39 3787 22
40-49 4167 24
50-59 3549 20
o 260 1137 6
. Diagnosis
| Acute myeloid leukemia 6096 35
Acute lymphoblastic leukemia 3334 19
Chronic myeloid leukemia 2514 14
Myelodysplastic syndromes 1716 10
Adult T-cell leukemia 591 3
Other leukemia 130 1
Myeloproliferative disorders 224 1
Non-Hodikin’s lymphoma 1652 9
Hodikin’s lymphoma 46 <1
[ | Other lymphoma/type missing 54 <1
j Multiple myeloma 210 1
| | Aplastic anemia 745 4
Pure red cell aplasia 4 <1
Paroxysmal nocturnal hemoglobinuria 20 <1
Solid tumor 109 1
Others 86 <1
Data missing 14 <1
| Donor
| Related, siblings 7825 45
Related, other relatives 941 5
Related, data missing 179 1
Unrelated 8600 49
| Stem cell source
|| Bone marrow 11866 68
Peripheral blood 3453 20
Bone marrow and peripheral blood 134 1
Cord blood 2092 12
. Conditioning regimen
Myeloablative
Cyclophosphamide + TBI + other 8298 47
Other TBI regimen 1321 8
Busulfan + cyclophosphamide + other 2798 16
Other non-TBI regimen 778 4
Reduced intensity
Fludarabine + busulfan + other 1527 9
Fludarabine* cyclophosphamide + other 503 3
Fludarabine + melphalan + other 1480 8
Continued I

original articles

4 Table 1. Continued

| Characteristics Number Percent §

Other RIST 631 4
Data missing 209 1
GVHD prophylaxis

No . 85 <l

Cyclosporine A + sMTX 58

Cyclosporine A + other 7

Tacrolimus + sMTX

Tacrolimus * other

Other

Data missing

| TBI, total body irradiation; sMTX, short-term methotrexate.

were 20-29 years of age at transplant, all solid cancers, oral/
pharynx, esophagus, and gallbladder for recipients who were 30-
39 years of age at transplant, all solid cancers, oral/pharynx,
esophagus, and skin for recipients who were 40-49 years of age at

transplant, all solid cancers, oral/pharynx, esophagus, colon, and .

skin for recipients who were 50-59 years of age at transplant
(Table 3).

risk factors for the development of secondary solid
cancers

Extensive-type chronic GVHD and age at transplantation were
important risk factors for the development of secondary solid
cancers (Table 4). The risk was not increased in recipients who
received TBI for conditioning. The results were similar when
subjects were limited to those who received myeloablative condi-
tioning (RR = 1.5, P=0.069 for limited-type chronic GVHD,
RR=1.9, P<0.001 for extensive-type chronic GVHD, and
RR=0.9, P=0.751 for TBI). Risk factor analyses for high-risk
organs with more than 10 cancer cases revealed that extensive-
type chronic GVHD was an independent risk factor for cancers
in the oral cavity/pharynx and esophagus. Limited-type chronic
GVHD was a risk factor for cancers of skin (Table 4). For sec-
ondary cancers which developed within 1-year post-transplant,
the only risk factor identified was older age at transplant (age 60
years or older; supplementary Table, available at Annals of
Oncology online).

discussion

Our main objective was to determine the incidence of, the risk
compared with the general population, and risk factors for sec-
ondary solid tumors after allogeneic stem cell transplantation in
a large cohort of adult recipients. Allogeneic HCT recipients
were at higher risk of developing cancers of the oral cavity,
esophagus, colon, and skin. The incidence and SIR of develop-
ing all solid cancers continued to increase with follow-up, which
suggested a continuous increase as follow-up progressed. Our
data are important since we included a large number of subjects
and person-years of follow-up, in a transplant cohort that is dif-
ferent from those in previously reported large studies.
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| Table2. ,Smﬁdav‘r&‘inc‘idén&é\rat’ 5 ‘.:',_ L

Time since transplantation (years)

f obsetved versts expected number of secondary solid cancers

Annals of Oncology

ccording to duration post-ransplant

<1 1-4

10 or longer

|| Number of recipients 17 545 10210
| | Person-years atrisk 12803 30599
| Secondary cancer sites O SIR O SIR

@)

2192
7218
SIR O/E 95% CI

-
o

0.7 97 1.5*
0.0 16 9.5*
0.0 13 6.5*
0.4 7 0.6
0.8 2.7%
0.0 0.2
0.6 14
5.1 2.1
0.0 1.0
12 0.6
7.0 8.1*
0.0 0.3
1.3 2.0
3.7 0.7
0.0 0.7
1.2 0.0
1.9 24
0.0 0.6
34 14
0.0 1.1

e
(=}

|| All solid cancers
| Oral/pharynx
|| Esophagus

. Stomach

| Colon

|| Rectum

|| Liver

| Gallbladder

| | Pancreas

|| Broncus/lung
| Skin

| Female breast
|| Cervix uteri
Corpus uteri
| Ovary
|| Prostate
| | Bladder
Kidney
| Brain/nervous system
[ | Thyroid
|| Other®

—_ N
NN

o
[

O = D = OO NWO N DO NNDOO
BN = e O e N e e 00NN OO NN

O N e s WO e e AW B NN U

3.1 269/153.6 15-20 |
38.5% 64/4.1 12.1-20.1 |
16.8* 41/4.8 6.1-115
0.3 16/26.0 X 0.4-1.0
- 22 27/14.3 1.2-2.7
3.6% 6/10.7 X 02-12
1.8 8/8.6 X 04-1.8
0.0 6/2.3 Y 1.0-5.7
1.6 9/4.7 K 0.9-3.7
15 19/15.1 . 0.8-20 |
8.4* 13/1.8 39-124 |
0.9 7/24.5 . 01-06 [
16 7/4.8 . 0.6-3.0
0.0 5/3.6 ) 04-32
22 3/36 . 0.2-2.4
14 3/54 ; 0.1-16
0.0 429 . 0.4-35
0.0 2/4.1 . 0.1-1.8
19.1% 7.7 1.6-8.5
0.0 4/4.5 X 0.2-23
17

—_ N
—

WO B OO O = W NW R DN UT P e

| “Other sites included two testicular cancers, four connective tissue cancers, four bone cancers, one larynx cancer, one malignant salivary gland tumor, one |
duodenum papilla cancer, one germ cell tumor, one carcinomatous pleurisy of origin unknown, and two squamous cell carcinomas of unknown origin. :

| *P<005.

14% -
12%
10% A
8% -
6% |
4% A

Cumulative incidence

2%

O(yo A T T T T
0 5 10 15 20
Years after transplant

Figure 1. Cumulative incidence of developing a secondary solid cancer.
The cumulative incidence of solid cancers was 0.7% [95% confidence interval
(CI), 0.6-0.9] at 5 years, 1.7% (95% CI, 1.4-1.9) at 10 years, and 2.9% (95%
CI, 2.5-3.4) at 15 years after transplantation.

Extensive-type chronic GVHD has repeatedly been shown to
be a significant risk factor for the development of secondary
solid tumor and is highly correlated with squamous cell

438 | Atsutaetal.

carcinoma {8, 9, 12, 15, 16]. Extensive-type chronic GVHD was
also shown to be a significant risk factor for oral cancer in our
study. Extensive-type chronic GVHD was shown to be a signifi-
cant risk factor for esophageal cancer, which was found to be
increased in recipients compared with the general population in

our study as well as in two other smaller Japanese cohorts in -

previous studies [11, 14]. Subjects were shown to be at a higher
risk for the development of cancers of the oral cavity or esopha-
gus at all time periods after 1 year. Data were not obtained for
affected organ sites of chronic GVHD in JSHCT data collection
prior to transplants in 2006. Therefore, we could not investigate
whether oral or esophageal cancers were related to the chronic
GVHD of the same organ. However, results of risk factor ana-
lyses for cancer sites of oral, esophagus, colon, and skin which
showed high associations of extensive-type chronic GVHD and
oral or esophagus cancer, limited-type chronic GVHD, and skin
cancer showed that development of secondary solid tumors
were likely to be influenced by GVHD-affected sites. Lifelong
screening for oral, pharynx, or esophageal cancers for recipients
with active or resolved chronic GVHD is important after 1-year
post-transplant. The prognosis of solid cancers is highly influenced
by the stage of the cancers when they are first detected. Our
findings support recently published recommended screening
guidelines [21, 22].
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Rectum L&
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- 5-9 years
- 10 years or longer
Brain/
Nervous s. =

T T T T

o' 10 20 30 40 50 60
Standard incidence ratio

Figure 2. Trends of standard incidence ratios (SIRs) and its 95% confidence intervals (Cls) of high-risk secondary solid cancer sites according to time since
transplant. The SIR and 95% ClIs for <1, 1-4, 5~9, and 10 years or longer post-transplant were 0.0, 9.5 (5.4-15.4), 23.4 (15.4-34.0), and 38.5 (23.8-58.9) for
oral/pharynx cancer, 0.0, 6.5 (3.5-11.2), 12.6 (7.3-20.2), and 16.8 (8.4-30.1) for esophageal cancer, 0.8 (0.1-2.9), 2.7 (1.5-4.3), 1.2 (0.4-2.9), and 2.2 (0.6-5.7)
for colon cancer, 0.0, 0.2 (0.0-1.3), 0.0, and 3.6 (1.2-8.4) for rectum cancer, 0.0, 1.0 (0.1-3.7), 4.5 (1.6-9.7), and 1.6 (0.0-8.9) for pancreatic cancer, 7.0 (0.8~
25.1), 8.1 (3.0~17.5), 5.7 (1.2~16.7), and 8.4 (1.0-30.3) for skin cancer, and 3.4 (0.1-19.0), 1.4 (0.0~7.7), 2.1 (0.1-11.6), and 19.1 (5.2-49.0) for cancers of brain/
nervous system, respectively.

| Table 3, Standard fiicidence ratio according to recipient's ape at transplant

Recipient’s age at transplantation
16-19 20-29 60 or older |
Number-of-recipients 1399 3506 1137
Person-years at risk 7083 17912 1843
Secondary cancer sites SIR (6] SIR (o}

All solid cancers 17.0* 28 4.1*
Oral/pharynx 140.0* 11 50.7*
Esophagus 350.0% 3 131.0%
Stomach 13.3 0 0.0
Colon 0.0 0 0.0
Rectum 33.1 0 0.0
Liver 66.4* 1 8.1
Gallbladder 0.0 0 0.0

0 0.0
Broncus/lung 0 0.0

1

1

1

1

1

0

0

0

1

2

I
)

— —
N W

Pancreas 0.0

| Skin 6.3
Female breast 0.7
Cervix uteri 1.2
Corpus uteri 5.2
Ovary 32
Prostate 0.0
Bladder 0.0
Kidney 0.0
Brain/nervous system 3.8
Thyroid 3.9

_ NN N e NN R NN = ke N = NN
e DN OO N = W N BN W
D O O e = OO e e NN e e DN N e N

*P <0.05.
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| Solid cancer Risk factor

. Table 4. Risk factors for second solid cancers among >1 year survivors after hematopoietic stem cell transplantation

Number of patients
with second cancer

Annals of Oncology

All second solid cancers®
Total body irradiation
Chronic GVHD
Limited type
Extensive type
Age at transplant (years)
16-29
30-39
40-49
50-59
60 or older

'3:‘_]‘ Oral cancer®

Total body irradiation

Chronic GVHD
Limited type

. Extensive type

| | Esophageal cancer®

: Total body irradiation

Chronic GVHD
Limited type

‘ Extensive type

| Colon cancer”

Total body irradiation

Chronic GVHD
Limited type
Extensive type

Grade 2-4 acute GVHD

| Skin cancer®

‘ Total body irradiation

Chronic GVHD
Limited type

Extensive type

249
151

45
93

45
46
68
71
19
64
38

10
29
41
22

25
26
12

0294 |

0.9 0.7-1.1
14 10-19 0087 [
1.8 14-24 <0.001 |
1.0

<0.001 |

7.9 44-14.1
10 0.8-13 0957 |
14 0.6-2.9 0440 |
29 1.6-5.1 <0.001
0.6 0.3-1.1 0.108 [ ¢
2.1 0.8-5.9 0.151
53 24-118 <0.001
0.5 02-12 0.144 |
1.7 0.6-4.9 0353 |
16 0.6-4.2 0329 §
2.0 0.9-4.4 0.101 £
12 0.8-1.6 0377 |
5.8 1.4-23.9 0.016

The incidence of secondary solid tumors in our study was
similar to those in previously reported large studies {8, 9, 12,
13]. Rizzo et al. [12] reported that the incidence of secondary
solid cancers among 28 874 transplant recipients and 85583
person-years at risk was 1% at 10 years and 2.2% at 15 years,
which were very similar to our results using the same statistical
method for cumulative incidence, while treating death before
secondary solid tumor as a competing risk. Majhail et al. [13]
reported that the incidence of secondary solid cancers after
HSCT using non-TBI, busulfan-cyclophosphamide condition-
ing was also ~1.2% at 10 years. The oral cavity was the most
prominent high-risk cancer site compared with the general
population, as in previous reports 8, 9, 12, 13]. Despite regional
and racial differences in cancer incidence and cancer sites in the
general population, the impact of HSCT on secondary cancer
was similar.

RR, relative risk; CI, confidence interval; TBI, total body irradiation; GVHD, graft-versus-host disease.
*Stratified for primary disease (acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, and other). .
| ®Stratified for primary disease (acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, and other) and patient age groups |

. (<19, 20-29, 30-39, 40-49, 50~59, and >60). Adjusted for patient age as a continuous variable. :

In previous studies, TBI was reported to be a significant risk
factor for the development of secondary cancer, but significant
differences were not found in our study (7, 8, 10, 12, 23]. The
subjects in this study were adult recipients, which may explain
the different findings. Conditioning with radiation was reported
to be associated with the development of secondary solid cancer
in recipients at a younger age at transplant [12]. Moreover, a
recent long-term follow-up analysis of patients who were trans-
planted after myeloablative doses of busulfan and cyclophos-
phamide without TBI found a similar increased incidence of
secondary solid cancers as previous reports [13].

An older recipient age at transplant was a significant risk
factor for the development of secondary solid tumor, as in previ-
ous studies [9, 13]. This result was not surprising since it is also
the case in the general population. However, it is important
to note that older patients are at higher risk of developing
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secondary cancer and to promote patient education and pre-
ventive practices, since there has been a dramatic increase in the
number of transplant recipients who are more than 50 years of
age at transplant over the past decade. In comparison with the
general population, younger patients were at a higher risk of
developing a solid tumor. Several high-risk cancer sites (esopha-
© gus, liver, and bronchus/lung) in younger group did have only
" one observed cases, therefore, these results should not be
emphasized and need to be confirmed in other studies. These
sites were found to be significant because the expected numbers
in general population for these sites were extremely small.

Although this study included a large number of recipients
and a large number of person-years of follow-up, there are lim-
itations. The follow-up years for older recipients were still
limited, and therefore we may find a higher incidence of and
risk of secondary solid cancers among recipients who are 50
years of age or older at transplant in the future. Second limita-
tion involves possible under-reporting by recipients to trans-
plant centers or by transplant centers to the registry. Until
recently, transplant recipients have received only limited infor-
mation regarding screening or the prevention of secondary solid
cancers. Another limitation of this analysis was lack of central
pathology review for secondary solid tumors. JSHCT data col-
lection does not include the submission of specimen or path-
ology report. Since this study included transplants from 1990,
central pathology review was difficult to perform at the time of
analyses. In addition, limiting secondary tumors to centrally
diagnosed tumors would decrease the number of identified sec-
ondary tumors; therefore, secondary solid tumors were iden-
tified as reported from transplant centers.

In conclusion, recipients of allogeneic hematopoietic stem cell
transplant had a significantly higher risk of developing second-
ary solid cancers than the general population. Older recipients
are at higher risk of developing secondary solid tumors, as in the
general population. Lifelong screening is important for high-
risk organ sites, especially for oral, pharynx, and esophageal
cancers in recipients with active, or a history of, chronic GVHD.
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' ABSTRACT

Recent advances in unrelated cord blood transplantation have increased chances and options available in allogene-
ic stem cell transplantation. The effect of HLA disparity on outcomes after cord blood transplantation was studied
recently in mainly pediatric populations. Results showed that HLA matching in combination with total nucleated
cell dose positively affects survival. The effect of HLA disparity after single-unit cord blood transplantation may
be different in adults because their total nucleated cell dose is much lower compared to pediatric patients. We
investigated the effect of HLA disparity on the outcome of single-unit unrelated cord blood transplantation sepa-
rately in 498 children aged 15 years or under (HLA-A, HLA-B low-resolution, and HLA-DRB1 high-resolution
matched [6/6], n=82, and one locus- [5/6], n=222, two loci- [4/6], n=158, three loci- [3/6] mismatched, n=36) and
1,880 adults (6/6, n=71; 5/6, n=309; 4/6, n=1,025; 3/6, n=475) with leukemia. With adjusted analyses, in children,
4/6 showed significantly increased risks of overall mortality (relative risk [RR]=1.61, P=0.042) and transplant-relat-
ed mortality (RR=3.55, P=0.005) compared to 6/6. The risk of grade 2 to 4 acute GVHD was increased in 5/6
(RR=2.13, P=0.004) and 4/6 (RR=2.65, P<0.001). In adults, the risk of mortality did not increase with the number
of mismatched loci (RR=0.99, P=0.944 for 5/6; RR=0.88, P=0.436 for 4/6). The risk of relapse was significantly
decreased in 4/6 (RR=0.67, P=0.034). The risk of transplant-related mortality (TRM) or acute GVHD was not
increased in 5/6 or 4/6. The effect of HLA disparity on transplant outcome differed between children and adults.
In children, an increased number of mismatched HLA loci correlated with an increased risk of mortality. In adults,
there was no increase in mortality with an increase in the number of mismatched HLA loci.

The effect of HLA mismatches after bone marrow trans-
plantation from unrelated donors (UBMT) has been well
studied, and HLA-A, HLA-B, HLA-C, and HLA-DRB1 allele
matched bone marrow is currently the first alternative for

Introduction

Recent advances in unrelated cord blood transplantation
(UCBT) have provided increased opportunities for patients

with hematologic malignancies to receive hematopoietic
stem cell transplantation (HSCT). This has led to an increased
number of UCBT procedures over the past decade."” Clinical
comparison studies of cord blood and bone marrow from
unrelated donors have shown comparable results, which indi-
cates that cord blood is a reasonable alternative donor / stem
cell source.*" These studies support the use of HLA-A, HLA-
B, low-resolution and HLA-DRB1 zero- to two-loci-
mismatched UCB for patients with leukemia in the absence
of an HLA-A, HLA-B, HLA-C, and HLA-DRB1 allele matched
unrelated adult donor, and the use of UCB as a first-line
option when a transplant is urgently required.

HLA-identical sibling donors.”™ An increase in the number of
HLA mismatches, antigen-level, or high-resolution, at HLA-
A, HLA-B, HLA-C, or HLA-DRB1 loci from 8/8 to 7/8, or 7/8
to 6/8 was associated with higher mortality with an approxi-
mately 10% reduction in survival in UBM recipients.'***
Since HLA mismatches are better tolerated after UCB with a
lower incidence of severe graft-versus-host disease (GVHD),
up to two HLA antigen mismatches of HLA-A, HLA-B; low
resolution and HLA-DRB1 high resolution are considered in
the current CB selection algorithm. Several reports have
recently described the effect of HLA disparity on the trans-
plant outcomes after UCBT.*"'® Eapen et 4. reported the pos-
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sibility of a better outcome in HLA 6/6 matched UCB in
35 recipients, and Barker et al. confirmed these results with
a larger number of UCB recipients.”® However, these
studies, which assessed the effect of HLA disparity on the
outcome of single-unit CBT, were mainly conducted in
pediatric populations in which the infused cell dose is
much greater than that in adult recipients.

The aim of this study was to assess the effect of HLA
disparity on the transplant outcomes after single-unit
UCBT in pediatric and adult recipients. The accumulation
of single-unit CBT in adult recipients has enabled us to
assess separately the effect of HLA disparity on CBT out-
comes in children and adults.

Design and Methods

Study design and data source

For this retrospective observational study, recipients’ clinical
data were provided by the Japan Cord Blood Bank Network
(JCBBN). All 11 cord blood banks in Japan are affiliated with the
JCBBN. JCBBN collected the recipients’ clinical information at 100
days post-transplant through the Transplant Registry Unified
Management Program (TRUMP) of the Japan Society of
Hematopoietic Cell Transplantation (JSHCT)." Information on
survival, disease status, and long-term complications including
chronic graft-versus-host disease and second malignancies is
renewed annually. Patient consent is not required for TRUMP reg-
istration of the JSHCT for the registry data consists of anonymized
clinical information. This study was approved by the data man-
agement committees of the JSHCT and the JCBBN, and by the
institutional review boards of Saitama Medical Center, Jichi
Medical University and Nagoya University Graduate School of
Medicine, Japan.

Patients

The subjects were patients with acute myeloid leukernia (AML),
acute lymphoblastic leukemia (ALL), chronic myeloid leukemia
(CML), or myelodysplastic syndrome (MDS), who were recipients
of their first UCBT between January 2000 and December 2009.
Among 2,461 recipients of single-unit UCB with complete HLA-A,
HLA-B, low-resolution and HLA-DRB1 high-resolution data, 51
recipients with 4 HLA mismatches were excluded. Thirty recipi-
ents who did not receive GVHD prophylaxis and 2 recipients for
whom information regarding the conditioning regimen was miss-
ing were excluded. A total of 2378 single-unit UCB recipients (498
children aged 15 years or under at transplant, and 1880 adults aged
16 years or over at transplant) were subjects for analysis.

HLA typing :

Histocompatibility data for low-resolution typing for the HLA-
A, HLA-B, and HLA-DR loci and high-resolution typing for HLA-
DRB1 were obtained from the TRUMP database which includes
HLA information provided by cord blood banks or transplant cen-
ters. The level of HLA typing in the present study was HLA-A,
HLA-B, low-resolution, and HLA-DRB1 high-resolution, as in
other studies in Europe and North America. However, according
to current practice in Japan, mismatches in HLA-DR loci were
counted at the low-resolution level at UCB unit selection.
Therefore, results regarding the effect of HLA mismatches in HLA-
A, HLA-B, and HLA-DR low-resolution are also provided (Online
Supplementary Table S1). Analyses from the Japan Marrow Donor
Program (JMDP) showed better survival in HLA class I mis-
matched recipients compared to HLA class I mismatched recipi-
ents. Thus, in Japan, a single-DRB1-mismatched UBM donor is

| heemaiologiea] 2013;95(6)
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preferred over a single-A-mismatched UBM or single-B-
mismatched UBM donor.'™ This background affected HLA typ-
ing strategy of HLA-DR low-resolution typing instead of high-res-
olution typing for selection of cord blood units in Japan. This
observation may explain the fact that the frequency of 4/6 grafts
is higher in this cohort than.in cohorts in Europe and the USA.

Definitions

The primary outcome of the analyses was overall survival,
defined as time from transplant to death from any cause. Several
secondary end points were also analyzed. Neutrophil recovery
was defined as an absolute neutrophil count of at least 0.5x10°/L
cells per cubic millimeter for three consecutive points; platelet
recovery was defined as a count of at least 50x10° platelets per
cubic millimeter without transfusion support. The recipients of
reduced-intensity conditioning were also defined with the criteria
above, according to the previous report that confirmed complete
donor chimeras of all engrafted patients after CBT with reduced-
intensity conditioning.” Diagnosis and clinical grading of acute
GVHD were performed according to the established criteria.”**
Relapse was defined as the recurrence of underlying hematologic
malignant diseases. Transplant-related death was defined as death
during a continuous remission.

Statistical analysis

Descriptive statistical analysis was performed to assess patient
baseline characteristics, diagnosis, disease status at conditioning,
donor-patient ABO mismatches, preparative regimen, and GVHD
prophylaxis. Medians and ranges are provided for continuous vari-
ables and percentages are shown for categorical variables.
Cumulative incidence curves were used in a competing-risks set-
ting to calculate the probability of acute and chronic GVHD,
relapse and transplant-related mortality (TRM).* Gray's test was
used for group comparisons of cumulative incidences.” An adjust-
ed comparison of the groups with regard to overall survival (OS)
was performed with the use of the Cox’s proportional-hazards
regression model.” For other outcomes with competing risks, Fine
and Gray’s proportional-hazards model for the subdistribution of
a competing risk was used.” For neutrophil and platelet recovery,
death before neutrophil or platelet recovery was the competing
event. For GVHD, death without GVHD and relapse were com-
peting events. For relapse, death without relapse was the compet-
ing event, and for transplant-related mortality (TRM), relapse was
the competing event.”® For acute GVHD, subjects were limited to
those who engrafted, and for chronic GVHD, subjects were limit-
ed to those who engrafted and survived at least 100 days after
transplantation.

The variables considered were the patient’s age at transplant (5
years or over vs. under 5 years for pediatric recipients, and 50 years
or over vs. under 50 years for adult recipients; cut-off points were
around the median in each group), patient’s sex, donor-patient sex
mismatch (matched vs. male to female vs. female to male), donor-
patient ABO mismatch (major mismatch vs. matched or minor
mismatch), diagnosis (AML, ALL, CML or MDS), disease status at
conditioning (first or second complete remission (CR) of AML,
1CR of ALL, first chronic phase of CML, and refractory anemia or
refractory anemia with ringed sideroblasts as standard-risk dis-
eases vs. advanced for all others), the conditioning regimen
(reduced-intensity conditioning vs. myeloablative conditioning),
and the type of prophylaxis against GVHD (tacrolimus-based vs.
cyclosporine-based). Conditioning regimens were classified as
myeloablative if total-body irradiation >8 Gy, oral busulfan =9
mg/kg, intravenous busulfan 27.2 mg/kg, or melphalan >140
mg/m® was used based on the report from the Center for
International Blood and Marrow Transplant Research.”* We cat-
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egorized patients for whom there was insufficient information
regarding the doses of agents or radiation used for the condition~
ing regimen according to information on the conditioning intensi-
ty (i.e. whether or not the conditioning regimen was intended to
be myeloablative) as reported by the treating clinicians. The cry-
opreserved total nucleated cell dose was categorized as
>10.0x107/kg, 5.0-9.9 x 107/kg, 2.5-4.9x107/kg, or <2.5 x 107/kg for
children, and >3.0x107/kg, 2.5-2.9x10/kg, 2.0-2.4x10/kg, or
<2.0x107/kg for adults. HLA disparity and nucleated cell dose were
maintained in the model. Since patient age was highly correlated
with the total nucleated cell dose in children, age was excluded
from multivariate analyses for pediatric recipients. Other variables
were selected in a backward stepwise manner with a variable
retention criterion of P<0.05. Interaction between HLA disparity
and adult (patient age at transplant 16 years or over) or child
(patient age at transplant 15 years or under) was tested for overall
survival by using a Cox’s proportional-hazards regression model
adjusted by other significant covariates in the final model for adult
and pediatric recipients except for patient age. All P values were
two-sided.

Results

Patients’ characteristics

Table 1 shows patients’ characteristics, their disease,
and transplant regimens. Median age at transplant was
five years (range 0-15) in 498 pediatric and 49 years (range
16-82) in 1880 adult recipients of single-unit CBT. The
proportion of females was 45% in both children and
adults. Among children, the proportion of patients with
ALL was greatest (58%) followed by that of patients with
AML (34%). Among adults, the most frequent disease was
AML (59%), followed by ALL (22%) and MDS (13%). The
median number of cryopreserved total nucleated cells
received in children was 5.30 x 107/kg, which was signifi-
cantly greater (approximately double) than the number of
nucleated cells received in adult patients (2.52 x 107/kg). In
adults, only 33 patients (2%) received CB with a total
nucleated cell dose greater than or equal to 5.0 x 107/kg. In
children, 82 patients (16%) received HLA-matched (6/6)
UCB, 222 (45%) received one-locus-mismatched (5/6),
158 (32%) received two-loci-mismatched (4/6), and 36
(7%) received three-loci-mismatched (3/6) UCB. For
adults, the numbers and proportions of recipients were 71
(4%) for 6/6, 309 (16%) for 5/6, 1025 (55%) for 4/6, and
475 (25%) for 3/6. Among those who received 3/6 UCB,
only 2 pediatric and 11 adult patients received three HLA-
A, HLA-B, HLA-DR low-resolution mismatched UCB.
Eighty-eight percent (TBI regimen 62%, non-TBI regimen
26%) and 62% (TBI regimen 56%, non-TBI regimen 6%)
of children and adults, respectively, received myeloabla-
tive conditioning. Fludarabine-based reduced-intensity
conditioning was given to 34% of adult recipients. T-cell
depletion in vivo with antithymocyte globulin or antilym-
phocyte globulin was performed in only 6 (2%) child
recipients and 26 (1%) adult recipients. The median fol-
low-up period for survivors was 2.4 years (range 0.1-9.5)
for pediatric recipients and 2.1 (range 0.1-9.0) years for
adult recipients.

Outcome
Overall survival, relapse, and transplant-related mortali-
ty: among children, overall mortality in 4/6 UCB recipients

was significantly higher than that in 6/6 UCB recipients
(RR=1.61, 95% confidence interval [CI], 1.02-2.56,
P=0.042) (Table 2). Overall mortality increased with the
number of mismatched loci in children (P for trend 0.043).
The increased mortality in 4/6 UCB recipients was mainly
affected by increased transplant-related mortality (TRM)
(RR=3.55, 95%ClI: 1.47-8.58, P=0.005) (P for trend 0.002)
but not by the risk of relapse (RR=0.77, 95%CI: 0.48-1.24,
P=0.392) in children. Among children, there were no dif-
ferences in the risks of mortality and relapse between 5/6
UCB recipients (RR=1.07, P=0.765 for overall mortality;
RR=1.06, P=0.794 for relapse; and RR=1.29, P=0.58 for
TRM) and 6/6 UCB recipients (Table 2).

In adults, the number of HLA mismatches was not sig-
nificantly associated with increased mortality (for overall
mortality: RR=0.99, P=0.944 for 5/6; RR=0.88, P=0.436 for
4/6; RR=0.95, P=0.751 for 3/6; for TRM, RR=1.41,
P=0.205 for 5/6; RR=1.24, P=0.408 for 4/6; RR=1.29,
P=0.339 for 3/6). A two-loci mismatch was associated
with a decreased risk of relapse in adult recipients
(RR=0.70, P=0.075 for 5/6; RR=0.67, P=0.034 for 4/6;
RR=0.70, P=0.07 for 3/6) (Table 2). The risks of mortality
were similar when subjects were limited to those with
standard risk disease status or to those with advanced risk
disease status at transplant, to those who received mye-
loablative conditioning or to those who received reduced-
intensity conditioning (Ouline Supplementary Table S2). A
decreased risk of relapse was more prominent in patients
with acute myeloid leukemia, and those who received
reduced-intensity conditioning (Online Supplementary Table
S2).)

Figure 1 shows unadjusted overall survival curves in
children and adults. In children, the unadjusted probabili-
ties of survival at three years post-transplant were 66% for
6/6, 62% for 5/6, 45% for 4/6, and 62% for 3/6 (P=0.032)
(Figure 1A). In adults, the survival probabilities in all of the
HLA disparity groups were similar (38% for 6/6, 37 % for
5/6, 39% for 4/6, and 40% for 3/6 at three years post-
transplant, P=0.567) (Figure 1B). A similar trend was seen
when subjects were limited to standard-risk disease status
at transplant (81% for 6/6, 76% for 5/6, 57 % for 4/6, and
81% for 3/6 at three years post-transplant, P=0.035, for
children; 51% for 6/6, 57 % for 5/6, 58% for 4/6, and 55%
for 3/6 at three years post-transplant, P=0.375, for adults)
(Online Supplementary Figure S1).

A test of the interaction between HLA disparity and age
(adult vs. child) revealed that the effect of HLA disparity
on overall survival differed significantly between the pedi-
atric and adult patient groups (P=0.009 for HLA disparity
of 0-1 mismatches vs. 2-3 mismatches).

Hematologic recovery

The cryopreserved total nucleated cell dose significantly
affected neutrophil and platelet recovery in children and
neutrophil recovery in adults (Table 3). HLA disparity did
not significantly affect neutrophil or platelet recovery in
adults or children for neutrophil recovery: RR=1.03,
P=0.823 for 5/6; RR=0.96, P=0.799 for 4/6; RR=0.67,
P=0.068 for 3/6 in children; RR=0.89, P=0.436 for 5/6;
RR=0.92, P=0.576 for 4/6; RR=0.84, P=0.243 for 3/6 in
adults; for platelet recovery: RR=0.89, P=0.438 for 5/6;
RR=0.75, P=0.09 for 4/6; RR=0.71, P=0.164 for 3/6 in chil-
dren; RR=1.05, P=0.775 for 5/6; RR=1.05, P=0.791 for 4/6;
RR=0.99, P=0.951 in 3/6 in adults (Table 3).
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Table 1. Patients’, disease, and transplant characteristics of pediatric and  continued from the previous page
adult recipients of single

CY: cyclophosphamide; CA: citarabine; BU: busulfan; TBI: total body irradiation; FL: fludarabine;
Mel: melphalan, **ATG: antithymocyte globulin; ALG: antilymphocyte globulin; ***sMTX: short-
term methotrexate; MMF: mycophenolate mofetil.

Acute and chronic graft-versus-host disease

kPatiervtf ée;( The risk of grade 2 to 4 acute GVHD was significantly
Male 975 (55) 1039 s5)  higher in HLA-mismatched UCB pediatric recipients
Female 223 (15) 841 @45)  (RR=2.13, P=0.004 for 5/6; RR=2.65, P<0.001 for 4/6;

RR=2.39, P=0.0015 for 3/6; P for trend 0.001) (Table 4).
The risk of chronic GVHD and extensive-type chronic
GVHD was also significantly higher in 4/6 UCB recipients
(RR=2.99, P=0.005 for chronic GVHD, and RR=7.62,
P=0.047 for extensive-type chronic GVHD), and the risks
increased according to the number of mismatches (P for

Diagnosis

AML 170 ) 1 9y  trend, 0.002 for chronic GVHD, 0.005 for extensive-type
ALL 290 (58) 418 ()  chronic GVHD). In adults, in contrast to the results in chil-
CML 7 m 106 ® dren, there were no differences in the risks of grade 2 to 4

MDS 31 (6) 241 (13) acute GVHD in 5/6 and 4/6 UCB recipients (for grade 2 to
: ; : » 4 acute GVHD, RR=1.03, P=0.916 for 5/6, RR=1.27,
P=0.276 for 4/6). The risk of grade 2 to 4 acute GVHD was
higher for 3/6 (RR=1.72, P=0.017). In adult recipients, the
risk of chronic GVHD was increased in recipients of 4/6

_ Unkno
ABO matchin UCB (RR=1.90, P=0.04), however, there were no differ-
Matched ; 18 @n 602 @y  ences in the risk of extensive-type chronic GVHD
Minor mismatch 127 (26) 522 @8 (RR=1.15 P=0758 for 5/6; RR=1.62, P=0.253 for 4/6;
Major mismatch 13 (23) 451 @4  RR=1.28, P=0.574 for 3/6) (Table 4).

 Bidirectional 75 {15 301 (16)
Unknown 1 (<D 4 (<)  Effect of total nucleated cell dose on outcome

An increase in the cryopreserved total nucleated cell
dose increased the incidence of neutrophil recovery in
both children and adults, as well as the incidence of
platelet recovery in children (Table 3). The cumulative
incidences of neutrophil recovery were 94% for >10 x
107/kg, 88% for 5.0-9.9 x 107/kg, 82% for 2.5-4.9 x 107/kg,

H

rved nucleated

e and 86% for <2.5 x 107/kg in children (P<0.001) (Figure
Median 530 9.52 2A). The cell dose was significantly correlated with the
Range 0.81-38.7 0.71-9.98 recipient's age at transplant in children (the median ages

were one year for >10 x 107/kg, 3 years for 5.0-9.9 x
107/kg, 8 years for 2.5-4.9 x 10/kg, and 12 years for <2.5 x
10’/kg). The cumulative incidences of neutrophil recovery
were 76% for >2.5 x 107/kg and 74% for <2.5 x 107/kg in
adults (P=0.007) (Figure 2B). The cumulative incidences of
TRM at three years post-transplant were 13% for >10 x

‘of cryopreserved

eparative regimen*

TC\:AYAE:[I:B! 216 (43) 291 (47) 107/kg, 14% fOl’ 5.0-99x 107/1(g, 14% for 2.5-4.9 x 107/kg,
Other TBI reqimen 03 (19) 162 (9) and 14% for <25X107/kg in children (P=098) and 29% for
BU4CY 36 an 65 6) >2.5x10°/kg and 28% for <2.5 x 107/kg in adults (P=0.77)

Other non-TBI regimen 11 () 17 ® (Online Supplementary Figure 52). The probabilities of over-
RIST: all survival at three years post-transplant were 68% for
e >10x107/kg, 53% for 5.0-9.9 x 107/kg, 57% for 2.5-4.9 x
107/kg, and 55% for <2.5x107/kg in children (P=0.30) and
36% for >2.5 x 107/kg and 41% for <2.5x10’/kg in adults
(P=0.13). A lower total nucleated cell dose was neither
associated with increased mortality in children or adults in

multivariate analyses (Table 2). Thus, there was no com-
MG OTALGUSC S ) @ U8 o bined effect of HI}jA disparity and total nucleated cell dose
continued on the nextpage on mortality neither in children nor in adults (cumulative

f““”j;;havématoldgigé‘} 2‘0‘]13‘;‘98(5) . . :1“ - L | B
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incidence of TRM at three years post-transplant, 8% for
6/6, 11% for 5/6 and >5 x 107/kg, 11% for 5/6 and 2.5-4.9
x 107/kg, 0% for 5/6 and <2.5 x 107/kg, 23% for 4/6 and >5
x 107/kg, 24% for 4/6 and 2.5-4.9 x 10'/kg, 25% for 4/6
and <2.5 x 107/kg in children, and 23% for 6/6, 29% for
5/6 and >2.5 x 107/kg, 30% for 5/6 and <2.5 x 10°/kg, 27 %
for 4/6 and >2.5 x 107/kg, 27 % for 4/6 and <2.5 x 107/kg in
adults (Online Supplementary Figure 53).

Association of outcomes with the type of HLA
mismatches for 4/6 adult recipients
The large number of adult recipients of 4/6 CB enabled

us to analyze association of outcomes with the type of
HLA mismatches in this population. The number of recip-
ients were 7 for HLA-A double mismatch, 170 for HLA-A
and HLA-B mismatch, 190 for HLA-A and HLA-DRB1
mismatch, 36 for HLA-B double mismatch, 581 for HLA-B
and HLA-DRB1 mismatch, and 41 for HLA-DRB1 double
mismatch. With adjusted analyses, adjusted with same
variables in the final model of all adult recipients, there
was no significant effect of HLA mismatch types on over-
all mortality with HLA-A and HLA-B mismatch as the ref-
erence (Online Supplementary Table S3). The risk of relapse
was significantly decreased in HLA-A and HLA-DRB1

Children 15 years or younger

HLA disparity
Matched (6/6) 82 1.00
5/ 222 1.07 (0.68-1.69) 0.765
4% 158 1.61 (1.02-2.56) 0.042
3% 36 1.25 (0.65-2.42) 0.498

1.00 1.00
106 (0.68-1.65) 0.794 129 (052323) 058
077 (048-124) 0.282 355 (147-858)  0.005
091 (045-186) 0.802 156 (043-5.63) 0497

Adults 16 years or older

HLA disparity
Matched (6/6) 71 1.00
56 309 0.99 (0.71-1.38) 0.944
46 1025 0.88 (0.65-1.21) 0436
36 475 0.95 (0.69-1.31) 0.751

1.00 1.00

070 (047-1.04) 0.075 141 (0.83-241) 0.205
0.67  (047-0.97) 0.034 124 (0.75-2.04) 0.408
0.70  (0.48-1.03) 0.07 129 (0.77-2.16) 0.339

818

For overall mortality, other predictive variables were advanced disease status at transplant in children, and age at transplant over 50 years, male sex, advanced disease status al
transplant, chronic myeloid leukemia (associated with a lower risk of mortality), and reduced-intensity conditioning in adults. For relapse, other predictive variables were advanced
disease status at transplant, and acute lymphoblastic leukemia or myelodysplastic syndrome (associated with a lower risk of relapse) in children, and advanced disease status at
transplant and myelodysplastic syndrome (associated with a lower risk of relapse) in adults. For transplant-related mortality, there was no other predictive variable in children. Other
predictive variables for adults were age at transplant over 50 years and female to male donorrecipient sex mismatch.
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Figure 1. Unadjusted probabilities of overall survival in HLA disparity groups for pediatric (A) and adult (B) recipients with leukemia, (A) In
children, the unadjusted probabilities of survival at three years post-transplant were 66% for recipients of HLA matched (6/6), 62% for one-
locus-mismatched (5/6), 45% for two-loci-mismatched (4/6), and 62% for three-loci-mismatched (3/6) single-unit unrelated cord blood
(P=0.032). (B) In adults, these probabilities were 38% 37%, 39%, and 40% respectively (P=0.567) (B).
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