1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
N Engl J Med. 2013 August 8; 369(6): 529-539. doi:10.1056/NEJM0al1213299.

ST2 as a Marker for Risk of Therapy-Resistant Graft-versus-Host
Disease and Death

Mark T. Vander Lugt, M.D., Thomas M. Braun, Ph.D., Samir Hanash, M.D., Ph.D., Jerome
Ritz, M.D., Vincent T. Ho, M.D., Joseph H. Antin, M.D., Qing Zhang, M.S., Chee-Hong Wong,
M.S., Hong Wang, M.S., Alice Chin, M.S., Aurélie Gomez, M.D., Andrew C. Harris, M.D.,
John E. Levine, M.D., Sung W. Choi, M.D., Daniel Couriel, M.D., Pavan Reddy, M.D., James
L. M. Ferrara, M.D., D.Sc., and Sophie Paczesny, M.D., Ph.D.

Departments of Pediatrics (M.T.V.L., A.G., A.C.H., J.E.L.,, SW.C., JLM.F., S.P.), Biostatistics
(T.M.B.), and Internal Medicine (D.C., P.R., J.L.M.F.), University of Michigan, Ann Arbor; the
Molecular Diagnostics Program, Fred Hutchinson Cancer Research Center, Seattle (S.H., Q.Z.,
C.-H.W., HW., A.C., S.P.); and the Dana—Farber Cancer Institute, Boston (J.R., V.T.H., J.H.A)

Abstract

Background—No plasma biomarkers are associated with the response of acute graft-versus-host
disease (GVVHD) to therapy after allogeneic hematopoietic stem-cell transplantation.

Methods—We compared 12 biomarkers in plasma obtained a median of 16 days after therapy
initiation from 10 patients with a complete response by day 28 after therapy initiation and in
plasma obtained from 10 patients with progressive GVHD during therapy. The lead biomarker,
suppression of tumorigenicity 2 (ST2), was measured at the beginning of treatment for GVHD in
plasma from 381 patients and during the first month after transplantation in three independent sets
totaling 673 patients to determine the association of this biomarker with treatment-resistant
GVHD and 6-month mortality after treatment or transplantation.

Results—Of the 12 markers, ST2 had the most significant association with resistance to GVHD
therapy and subsequent death without relapse. As compared with patients with low ST2 values at
therapy initiation, patients with high ST2 values were 2.3 times as likely to have treatment-
resistant GVHD (95% confidence interval [CI], 1.5 to 3.6) and 3.7 times as likely to die within 6
months after therapy (95% ClI, 2.3 to 5.9). Patients with low ST2 values had lower mortality
without relapse than patients with high ST2 values, regardless of the GVHD grade (11% vs. 31%
among patients with grade | or Il GVHD and 14% vs. 67% among patients with grade 11 or IV
GVHD, P<0.001 for both comparisons). Plasma ST2 values at day 14 after transplantation were
associated with 6-month mortality without relapse, regardless of the intensity of the conditioning
regimen.

Conclusions—ST2 levels measured at the initiation of therapy for GVHD and during the first
month after transplantation improved risk stratification for treatment-resistant GVHD and death
without relapse after transplantation. (Funded by the National Institutes of Health.)

Although mortality related to graft-versus-host disease (GVHD) after allogeneic
hematopoietic stem-cell transplantation has been reduced,2 acute GVHD remains a major
complication of allogeneic transplantation, occurring in approximately half the transplant
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recipients.34 High-dose systemic glucocorticoids remain the first-line therapy for GVHD,>°
although just half of patients have complete resolution of GVHD by day 28 after therapy
initiation.® Patients who do not have a response to GVHD therapy are at high risk for death
without relapse of the primary disease for which the transplantation was performed within 6
months after therapy initiation. 10-13 We previously reported that a model with six
biomarkers diagnostic of GVHD (interleukin-2 receptor a, tumor necrosis factor receptor 1,
hepatocyte growth factor, and interleukin-8 for systemic GVHD4; elafin for skin GVHD?;
and regenerating islet-derived 3 [REG3d] for gastrointestinal GVHD6) was associated
with response to GVHD therapy by day 28 and mortality at 6 months after therapy
initiation.1” However, none of these studies were designed to identify biomarkers of
glucocorticoid resistance.

In the current study, we used a plasma proteomic approach to compare patients who had a
response with patients who did not and identified suppression of tumorigenicity 2 (ST2) as
having the strongest association with risk, of the 12 markers of nonresponse to GVHD
therapy and subsequent death without relapse that were assessed. We then evaluated ST2
levels at therapy initiation and at day 14 after transplantation as predictors of therapy-
resistant GVHD and death.

STUDY DESIGN AND OVERSIGHT

The study was approved by the institutional review boards at the University of Michigan and
the Dana—Farber Cancer Institute. No commercial sponsor was involved in the study.
Written informed consent was obtained from all patients or their legal guardians before
hematopoietic stem-cell transplantation and sample collection. Only those persons listed as
authors contributed to the writing of the manuscript. All authors vouch for the completeness
and accuracy of the data and the fidelity of the study to the protocol.

SAMPLE COLLECTION AND PREPARATION

Plasma samples were collected prospectively between 2000 and 2010 from patients who
underwent allogeneic hematopoietic stem-cell transplantation (hereafter referred to as
transplantation). Samples were collected weekly throughout the first month after
transplantation, monthly to day 100 after transplantation, at the time of key clinical events
(including the development of GVHD symptoms), and in the 48-hour window before
initiation of glucocorticoid therapy. GVHD was graded according to modified Glucksberg
criteria. 18 Details are summarized in the Supplementary Appendix, available with the full
text of this article at NEJM.org.

DISCOVERY SET

To see the greatest difference in levels of protein expression, we compared plasma obtained
a median of 16 days after therapy initiation from 10 patients in whom grade Il to IV GVHD
developed and who had a complete response by day 28 after therapy initiation with plasma
obtained from 10 patients in whom grade Il or 111 GVHD developed and who had
progressive GVHD by day 28. Characteristics of these patients are shown in Table S1 in the
Supplementary Appendix.

RESPONSE-TO-TREATMENT SET

Biomarkers, including the lead candidate ST2, were measured in plasma from 381 patients
at the beginning of treatment for GVHD to determine the association of the biomarkers with
treatment-resistant GVHD and 6-month mortality after treatment. The characteristics of 381
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patients in whom GVHD developed and who received high-dose systemic glucocorticoids
for treatment of grade | to IV GVVHD before day 180 after transplantation are shown in
Table S2 in the Supplementary Appendix. Patients were divided into two groups on the basis
of response status at day 28, which is a commonly accepted surrogate for 6-month
survival.19-13 patients were considered to have had a response if they had improvement in at
least one organ without progression in any other organs and if additional therapy was not
required. Patients were considered not to have had a response if they had stable or
progressive GVHD or if the subsequent addition of secondary therapy was required.

EARLY-STRATIFICATION SET

We measured ST2 concentrations during the first month after transplantation in plasma from
three independent sets totaling 673 patients to determine the association of ST2 and 6-month
mortality after transplantation. We first measured ST2 concentrations in a pilot group of 296
patients with samples available at days 0, 14, and 21 after transplantation and in whom
GVHD did not develop before day 35 (Table S3 in the Supplementary Appendix). The
greatest difference between those who were alive and those who had died at 6 months after
transplantation was seen in samples obtained on day 14 after transplantation. We then
measured ST2 concentrations at day 14 after transplantation in 302 separate patients: 94
with no GVHD and 208 with grade I to 1V acute GVHD between day 18 and day 100. We
also measured ST2 concentrations at day 14 after transplantation in an independent set of 75
patients who underwent unrelated-donor transplantation involving total-body irradiation at
the Dana—Farber Cancer Institute. Characteristics of these patients are shown in Tables S4
and S5 in the Supplementary Appendix.

PROTEOMIC ANALYSIS AND ENZYME-LINKED IMMUNOSORBENT ASSAY

Methods used for the intact-protein analysis system (IPAS) have been reported
previously®19.20 and are summarized in the Supplementary Appendix. The procedures used
for enzyme-linked immunosorbent assay (ELISA) and the assay parameters are described in
the Supplementary Appendix, including Table S6.

STATISTICAL ANALYSIS

RESULTS

Between-group differences were assessed with the use of either a chi-square test or a
Wilcoxon rank-sum test. Log-transformed biomarker values were used in all analyses owing
to skewed raw values. Pearson’s product-moment correlation was used to estimate the
pairwise risk association of the biomarkers. Logistic regression, Cox regression, and
competing-risks regression?! were used to evaluate the association of the six-biomarker
panel and ST2 alone with response status at day 28, overall survival, mortality without
relapse, and mortality with relapse. Competing models were compared with the use of three
metrics: hazard ratios and their 95% confidence intervals; the area under the curve (AUC),
the area under the receiver-operating-characteristic (ROC) curve, or the C statistic, a scaled
version of the Wilcoxon rank-sum statistic; and a continuous form of the net reclassification
index as described by Pencina et al.22 A P value of less than 0.10 was considered to indicate
statistical significance for the proteomic analysis, and a P value of less than 0.05 was
considered to indicate statistical significance for all other analyses.

CANDIDATE BIOMARKERS OF NONRESPONSE TO GVHD THERAPY

Using IPAS technology, we compared pooled plasma obtained a median of 16 days after
therapy initiation from 10 patients who had a complete response to GVHD therapy and 10
with progressive GVHD. Of 571 proteins identified and quantified, 197 were increased by a
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factor of at least 1.5 in patients with progressive GVHD, and 12 had commercially available
antibodies that were suitable for use in an ELISA (Table S7 in the Supplementary
Appendix). We chose for further evaluation biomarkers that were significantly elevated in
the individual plasma samples from patients with progressive GVHD as compared with
those with a complete response (P<0.10) and that had an AUC of the ROC that was
significant (P<0.10) for the comparison of patients who had a complete response with
patients who had progressive disease. Six biomarkers met both these criteria: ST2,
macrophage inhibitory factor, interleukin-1 receptor 2, lipocalin 2, lymphatic-vessel
endothelial hyaluronan receptor 1, and REG3a (Table S8 and Fig. S1 in the Supplementary
Appendix). Each of these six biomarkers had an AUC of at least 0.85 by ROC analysis.

DEVELOPMENT OF A BIOMARKER PANEL

We measured the six best biomarkers from the discovery set, listed above, in 381 patients in
whom GVHD developed and who received treatment; the characteristics of these patients
are summarized in Table S2 in the Supplementary Appendix. This group included all
patients with samples available at the onset of GVHD who were treated with systemic
glucocorticoids. We divided patients into two subgroups according to response status at day
28, as detailed above. Grade 111 or IV GVHD, gastrointestinal GVHD, and treatment with
glucocorticoids alone were overrepresented in patients who did not have a response. The
median day of GVHD onset and the median day of sample acquisition were earlier in
patients who did not have a response. There was also a trend toward overrepresentation of
HLA-mismatched donors and full-intensity (myeloablative) conditioning among patients
who did not have a response.

Biomarkers do not improve the prediction of outcomes unless they are not correlated with
each other or with clinical predictors.1417 Concentrations of the six lead biomarkers
correlated with each other weakly (r<0.43) (Fig. S2 and Table S9 in the Supplementary
Appendix). We determined the AUC for each marker to predict response to therapy by day
28, an established surrogate for 6-month mortality without relapse after treatment,10-13 and
the actual outcome of interest, 6-month mortality without relapse (Table S10 in the
Supplementary Appendix). We used these six biomarkers in a panel for further analyses and
compared the panel with ST2 alone.

BIOMARKER VALUES AT THERAPY INITIATION AND RISK OF NONRESPONSE

We first performed univariate analyses to predict response to treatment by day 28 with the
full panel of biomarkers, ST2 alone, and the following demographic and clinical
characteristics: age, disease status, conditioning intensity, donor source, HLA match, GVHD
grade at therapy initiation, and initial therapy for GVHD. Conditioning intensity, HLA
match, GVHD grade at therapy initiation, and initial therapy for GVHD were associated
with nonresponse by day 28 and were included in the model. We then divided patients into
high-risk and low-risk groups on the basis of the value of the full biomarker panel or ST2
alone. Owing to the poor prognosis for the patients who did not have a response, we defined
a high biomarker value as a biomarker concentration that was at least 50% higher than the
median value in patients who had a response and a high panel value as high concentrations
of at least three of the six biomarkers measured. In a multivariate analysis, either a high
panel value or a high ST2 value alone increased the likelihood of nonresponse. As compared
with patients with low ST2 values at therapy initiation, patients with high ST2 values were
2.3 times as likely to have treatment-resistant GVHD (95% confidence interval, 1.5 to 3.6)
(Table S11A in the Supplementary Appendix). An analysis of the stage of involvement in
the target organ, which is also associated with response to therapy,2324 yielded similar
results (Table S11B in the Supplementary Appendix).
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We then compared ROC curves for the significant demographic and clinical characteristics
alone with those of the clinical characteristics combined with either the full panel or ST2
alone to predict nonresponse by day 28 and found no significant increase in the AUC (0.64
vs. 0.68) (Table S11A in the Supplementary Appendix). We calculated the continuous-form
net reclassification index2? to evaluate the benefit of the full panel or ST2 alone as
compared with the model that included demographic and clinical characteristics only. The
net reclassification index for the biomarker panel is the sum of the proportion of patients
without a response for whom the predicted probability increased with the addition of the
panel and the proportion of patients with a response for whom the predicted probability
decreased with the addition of the panel. The same approach was used to calculate the net
reclassification index for ST2 alone. The addition of either the panel or ST2 alone correctly
reclassified 44% and 45% of patients, respectively (P<0.001 for both comparisons) (Table
S11C in the Supplementary Appendix). All net-reclassification- index values reported here
were calculated with the use of this algorithm.

We have previously reported that the biomarker REG3a is associated with response to
therapy in patients with lower gastrointestinal GVHD.16 We therefore compared ST2 with
REG3a in this subgroup of patients. Inclusion of both ST2 and REG3a in the model
improved the accuracy of the risk stratification as compared with either biomarker alone.
The net reclassification index was 71% as compared with the clinical characteristics alone
(Table S12 in the Supplementary Appendix).

BIOMARKER VALUES, 6-MONTH MORTALITY WITHOUT RELAPSE, AND SURVIVAL

Nonresponse to therapy by day 28 is an established surrogate for 6-month mortality without
relapse; however, a surrogate end point does not always indicate all the effects of the
biomarkers on the clinical end point.2%26 Therefore, we analyzed the association of the
clinical characteristics and biomarkers with 6-month post-therapy mortality without relapse.
In univariate analyses, age, HLA match, GVHD grade at therapy initiation, and initial
therapy for GVHD were associated with 6-month post-therapy mortality without relapse.
After adjustment for the significant demographic and clinical characteristics, patients with a
high panel or ST2 value were significantly more likely to die than patients with lower
values. For patients with a high panel value and those with a high ST2 value, 6-month
mortality without relapse was 44% and 42%, respectively, whereas for patients with a low
panel value and those with a low ST2 value, the rates were 17% and 12%, respectively
(hazard ratio, 2.7 and 3.7, respectively) (Table 1). The addition of either the panel value or
the ST2 value alone did not significantly increase the AUCs; however, the addition of either
the panel value or the ST2 value alone significantly improved the net reclassification index
(62% and 76%, respectively; P<0.001 for both comparisons) (Table 2). ST2 was superior to
the six-biomarker panel in predicting death without relapse, and we used ST2 alone for all
further analyses.

RISK STRATIFICATION FOR DEATH WITHOUT RELAPSE ACCORDING TO ST2 VALUE
AND GVHD GRADE

We stratified patients in the response-to-treatment set according to risk of death without
relapse at initiation of therapy, using the strongest clinical predictor, GVHD grade, and the
strongest biomarker, ST2. This categorization divided patients into four groups: low ST2
concentration and grade | or Il GVHD (group 1), low ST2 concentration and grade 1l or IV
GVHD (group 2), high ST2 concentration and grade | or Il GVHD (group 3), and high ST2
concentration and grade 111 or IV GVHD (group 4). Patients in group 1 and group 2 had low
mortality without relapse (11% and 14%, respectively). Patients in group 3, who would be
expected to do well solely on the basis of GVHD grade, had significantly higher mortality
without relapse (31%) than patients in group 1 (P<0.001). Patients in group 4 had the highest
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mortality without relapse, at 67% (Fig. 1A, and Table S13A in the Supplementary
Appendix). Thus, ST2 concentration significantly stratified the risk of death without relapse
in each clinical group. The survival difference of 53 percentage points between the two
groups of patients with a high grade of GVHD (groups 2 and 4, P<0.001) is particularly
striking, showing that the biomarker value was more important than the clinical grade in
group 2. Mortality with relapse did not differ significantly among the four risk groups (Fig.
1A, and Table S13B in the Supplementary Appendix). As a result, overall survival was
significantly lower in groups 3 and 4 than in groups 1 and 2 (Fig. 1A, and Table S13C in the
Supplementary Appendix). The causes of death are shown in Table S14 in the
Supplementary Appendix. The findings were nearly identical for patients with lower
gastrointestinal GVHD, the target organ most responsible for death without relapse (Fig. 1B;
and Tables S13D, S13E, and S13F in the Supplementary Appendix). The ST2 concentration
was not associated with mortality without relapse or overall survival among patients with
skin GVHD (Fig. 1C; and Tables S13G, S13H, and S13I in the Supplementary Appendix),
findings that are consistent with the fact that the skin is the GVHD target organ that is most
responsive to therapy.

ST2 AT DAY 14 AFTER TRANSPLANTATION AND MORTALITY IN THREE INDEPENDENT

SETS

We next evaluated the association of ST2 concentrations during the first month after
transplantation and mortality at 6 months after transplantation. We measured ST2
concentrations on days 0, 14, and 21 after transplantation in a University of Michigan pilot
set of 296 patients in whom GVHD did not develop before day 35 (Table S3 in the
Supplementary Appendix). ST2 levels on days 0, 14, and 21 after transplantation were two
to four times as high in patients receiving myeloablative preparative therapy as in patients
receiving reduced-intensity conditioning, so a separate analysis of each conditioning
intensity was necessary. Samples obtained on day 14 after transplantation were most closely
correlated with 6-month mortality in both conditioning groups (Fig. 2A and 2B).

To further develop the early-stratification model, we analyzed data from another set of 302
patients at the University of Michigan, who did not have GVHD before day 18 and who had
samples available on day 14 (Table S4 in the Supplementary Appendix). We also separately
analyzed data from an independent external validation set of 75 patients receiving
myeloablative conditioning with total-body irradiation at the Dana—Farber Cancer Institute
(Table S5 in the Supplementary Appendix). University of Michigan patients in whom
GVHD developed were older and more likely to have received HLA-mismatched or
unrelated-donor transplants than patients without GVHD. Patients receiving methotrexate as
GVHD prophylaxis were overrepresented in the no-GVHD group. Dana—Farber patients
who received sirolimus as GVHD prophylaxis were overrepresented in the no-GVHD group.

Because ST2 concentrations varied across levels of conditioning intensity, we used three
models to stratify risk, with the following cutoff points: the median ST2 concentration in
University of Michigan patients receiving myeloablative conditioning, the median
concentration in those receiving reduced-intensity conditioning, and the median
concentration in Dana—Farber patients receiving myeloablative conditioning with total-body
irradiation. In a multivariate analysis adjusted for age, disease status, donor source, and
HLA match, a high ST2 concentration on day 14 was significantly associated with an
increased risk of death without relapse within 6 months after transplantation for all
conditioning regimens. The addition of ST2 to the clinical risk factors with the use of the net
reclassification index significantly reclassified 78% of patients receiving chemotherapy-
based myeloablative conditioning (P<0.001) and 58% of patients receiving myeloablative
conditioning with total-body irradiation (P = 0.02); it also reclassified 71% of patients
receiving reduced-intensity conditioning (P<0.001) (Table 3, and Tables S15A and S15B in

N Engl J Med. Author manuscript; available in PMC 2014 March 05.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Vander Lugt et al.

Page 7

the Supplementary Appendix). High ST2 values were not associated with an increased risk
of death with relapse within 1 year after transplantation; because high ST2 values were
associated with an increased risk of death without relapse, overall survival at 1 year was
decreased (Tables S16A through S16D in the Supplementary Appendix). The causes of
death are shown in Table S17 in the Supplementary Appendix. Sensitivities and specificities
for several cutoff points of ST2 are shown in Tables S18A and S18B in the Supplementary
Appendix.

DISCUSSION

ST2 was the best single biomarker of nonresponse to GVHD therapy and subsequent death
without relapse, and it significantly improved risk stratification according to clinical grade
and target-organ stage, which have been shown to be important predictors of risk,
particularly in the subgroup of patients with lower gastrointestinal GVHD.23:24 When ST2
was examined with REG3« in this subgroup, they had a strong additive effect, as compared
with the clinical characteristics alone (net reclassification index, 71%) (Table S12 in the
Supplementary Appendix).

ST2 is a recently discovered member of the interleukin-1 receptor family,2” whose only
known ligand is interleukin-33.28 Plasma interleukin-33 concentrations were similar in
patients who had a response and those who did not (data not shown). There are two ST2
isoforms: a membrane- bound form expressed on hematopoietic cells, particularly type 2
helper T (Th2) cells,22-31 which plays a role in Th2-mediated diseases such as asthma,32-34
and a soluble form, secreted by endothelial cells, epithelial cells, and fibroblasts in response
to inflammatory stimuli.3>36 Soluble ST2 acts as a decoy receptor for interleukin-3332:33.37
and drives Th2 cells toward a type 1 helper T (Th1)-cell phenotype, which may be
important in the pathophysiology of GVHD.

There are several limitations of this study. Although the concentrations of ST2 at the
initiation of GVHD therapy were similar across conditioning intensities, soluble ST2
concentrations were two to four times as high in patients receiving myeloablative
conditioning as in patients receiving reduced-intensity conditioning, necessitating separate
thresholds for each conditioning intensity. These differences may be due to the degree of
injury to endothelial, epithelial, and mesenchymal tissues that release ST2, with the greatest
amount of injury occurring after myeloablative total-body irradiation. Although the samples
were collected prospectively, retrospectively defined data sets were used to develop
prediction models; thus, the discriminatory ability of ST2 might be overestimated. The
metrics we chose to compare models are only a subset of metrics that are used to evaluate
new biomarkers. For example, we did not examine model calibration, which is usually
assessed with a Hosmer—Lemeshow test that requires a categorization of fitted probabilities
(i.e., deciles). We used a continuous net reclassification index rather than the noncontinuous
(traditional) net reclassification index, which requires risk categories, since the risk
categories in our setting are arbitrary and not well defined.

Early identification of patients who will not have a response to GVHD therapy is important
because these patients are more likely to die from GVHD than are those who have a
response. 10-13 GVHD responded poorly to treatment in patients with high ST2
concentrations at the initiation of therapy, and these patients were at increased risk for death,
independent of the GVHD grade. The improved risk stratification of patients with GVHD
with the use of ST2 may permit early evaluation of additional therapies, before the
development of resistant disease. When measured as early as day 14 after transplantation,
ST2 concentration was a better predictor of the risk of death than were the other known risk
factors, including the age of the recipient, conditioning intensity, donor source, and HLA
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match.38 The ability to identify high-risk patients with the use of ST2 soon after
transplantation, before the development of GVHD, may permit more stringent monitoring
and preemptive interventions. We believe that our results may affect the assessment of
GVHD risk before the development of GVHD and at the onset of the clinical signs of
GVHD; however, a generalizable definition of high risk has yet to be developed and will
require larger studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Outcomes According to Plasma Concentration of Suppression of Tumorigenicity 2
(ST2) and Grade of GVHD at Therapy Initiation

The 381 patients in the response-to-treatment set (Panel A) were divided into four groups on
the basis of plasma ST2 concentration (with low defined as <740 pg per milliliter and high
as =740 pg per milliliter) and GVHD grade at therapy initiation. The 6-month mortality
without relapse after therapy was as follows: patients with low ST2 and grade I or 11 GVHD,
11% (95% confidence interval [CI], 7 to 17); patients with low ST2 and grade Il or IV
GVHD, 14% (95% ClI, 6 to 34); patients with high ST2 and grade I or Il GVHD, 31% (95%
Cl, 24 to 40); and patients with high ST2 and grade 111 or IV GVHD, 67% (95% ClI, 55 to
79). The 1-year mortality with relapse was 28% (95% Cl, 22 to 36), 18% (95% Cl, 8 to 38),
21% (95% ClI, 15 to 29), and 14% (95% ClI, 7 to 26) in the respective groups. Overall
survival at 6 months after therapy initiation was 73% (95% CI, 67 to 80), 75% (95% ClI, 61
to 93), 56% (95% Cl, 48 to 65), and 22% (95% ClI, 14 to 36) in the respective groups.
Among the 136 patients with lower gastrointestinal GVHD (Panel B), the 6-month mortality
without relapse was as follows: patients with low ST2 and stage 1 gastrointestinal
involvement, 10% (95% ClI, 5 to 18); patients with low ST2 and stage 2 to 4 gastrointestinal
involvement, 14% (95% ClI, 7 to 27); patients with high ST2 and stage 1 gastrointestinal
involvement, 46% (95% ClI, 42 to 50); and patients with high ST2 and stage 2 to 4
gastrointestinal involvement, 71% (95% ClI, 68 to 74). The 1-year mortality with relapse was
29% (95% Cl, 24 to 35), 14% (95% Cl, 7 to 27), 11% (95% Cl, 7 to 17), and 16% (95% ClI,
12 to 20) in the respective groups. Overall survival at 6 months after therapy initiation was
71% (95% Cl, 57 to 89), 71% (95% Cl, 54 to 94), 46% (95% Cl, 32 to 65), and 18% (95%
Cl, 9 to 33) in the respective groups. Among the 203 patients with isolated skin GVHD
(Panel C), the 6-month mortality without relapse was as follows: patients with low ST2 and
stage 1 or 2 rash, 17% (95% ClI, 7 to 27); patients with low ST2 and stage 3 or 4 rash, 15%
(95% Cl, 7 to 37); patients with high ST2 and stage 1 or 2 rash, 27% (95% Cl, 6 to 48); and
patients with high ST2 and stage 3 or 4 rash, 25% (95% ClI, 9 to 41). The 1-year mortality
with relapse was 26% (95% Cl, 24 to 29), 14% (95% Cl, 11 to 18), 19% (95% Cl, 15 to 24),
and 14% (95% Cl, 9 to 20) in the respective groups. Overall survival at 6 months after
therapy initiation was 68% (95% Cl, 57 to 80), 78% (95% Cl, 68 to 89), 57% (95% ClI, 43 to
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75), and 61% (95% CI, 47 to 79) in the respective groups. All outcomes were determined
with the use of the Kaplan—Meier procedure. Mortality without relapse on the ordinate refers
to death in the absence of relapse of the primary disease for which the transplantation was
performed. Detailed hazard ratios for these outcomes are shown in Tables S13A through
S13l in the Supplementary Appendix. GVHD was graded according to modified Glucksberg
criterial® (summarized in the Supplementary Appendix).
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Figure 2. Plasma ST 2 Concentrationswithin 21 Days after Transplantation According to
Conditioning Intensity and Survival
Panel A shows the mean (+SE) plasma concentration of ST2 in patients in the pilot group
receiving myeloablative conditioning who were alive at 180 days after transplantation and
those who were dead at that time. Values at day 0 were as follows: alive at 180 days,
880+170 pg per milliliter; dead at 180 days, 1500+390 pg per milliliter (P = 0.09). Values at
day 14 were 14004240 pg per milliliter and 3200+570 pg per milliliter, respectively
(P<0.001), and values at day 21 were 920+115 pg per milliliter and 3500680 pg per
milliliter, respectively (P<0.001). Panel B shows the mean (+SE) plasma concentration of
ST2 in patients in the pilot group receiving reduced-intensity conditioning who were alive at
180 days after transplantation and those who were dead at that time. Values at day 0 were as
follows: alive at 180 days, 430+170 pg per milliliter; dead at 180 days, 740+350 pg per
milliliter (P = 0.40). Values at day 14 were 35080 pg per milliliter and 2150+800 pg per
milliliter, respectively (P<0.001), and values at day 21 were 630+225 pg per milliliter and
1430+525 pg per milliliter, respectively (P = 0.10).
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Reclassification of the Risk of Death without Relapse at 6 Months after Therapy in the Response-to-Treatment
Set after the Addition of the Panel Value or ST2 Value to Demographic and Clinical Characteristics.

Variable
Panel value added
Expected (no.)
Reclassified to lower risk (no.)
Reclassified to higher risk (no.)
Net reclassification index (%)*
ST2 value alone added
Expected (no.)
Reclassified to lower risk (no.)

Reclassified to higher risk (no.)

Net reclassification index (%)T

Patients Who Did Not Die within 6 Months after

Therapy

278
198
80
42

278
166
112

19

Patients Who Died within 6 Months after
Therapy

103
41
62
20

103
22
81
57

*
The net reclassification index was 42% (118 of 278) among patients who did not die within 6 months after therapy, 20% (21 of 103) among

patients who died within 6 months after therapy, and 62% overall.

TThe net reclassification index was 19% (54 of 278) among patients who did not die within 6 months after therapy, 57% (59 of 103) among

patients who died within 6 months after therapy, and 76% overall.
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