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Abstract

We hypothesized that clinical risk factors could be identified within 2 weeks of onset of severe 

(stage 3 or 4) acute gut GVHD for identifying a patient population with a very poor outcome. 

Among 1,462 patients who had allogeneic hematopoietic cell transplantation (HCT) between 

January 2000 and December 2005, 116 (7.9%) developed stage 3–4 gut GVHD. The median time 

to onset of stage 3–4 gut GVHD was 35 (4–135) days after allogeneic HCT. Eighty-five of the 116 

patients (73%) had corticosteroid-resistance before or within 2 weeks after the onset of stage 34 

gut GVHD. Significant risk factors for mortality included corticosteroid-resistance (HR=2.93; 

p=0.0005), age >18 years (HR=4.95; p=0.0004), increased serum bilirubin (HR 2.53; p=0.0001), 

and overt gastrointestinal bleeding (HR 2.88; p=0.0004). Among patients with stage 3–4 gut 

GVHD, the subgroup with 0, 1 or 2 risk factors had a favourable prognosis, whereas the subgroup 

with 3 or 4 risk factors had a dismal prognosis. This information should be considered in 

designing future studies of severe gut GVHD and in counseling patients about prognosis.
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INTRODUCTION

Acute graft-versus-host disease (GVHD) is one of the most important complications to 

occur after allogeneic hematopoietic cell transplantation (HCT). In the most severe and life-

threatening cases, the triad of skin, gut, and liver involvement has come to be dominated by 

gastrointestinal GVHD. Acute GVHD of the skin is generally not life-threatening as both 

systemic and topical therapies are usually effective, and isolated skin GVHD does not 

influence mortality.1 The incidence of stage 3–4 liver GVHD (peak total serum bilirubin > 6 

mg/dL) is now 2%.2 While the incidence of severe gastrointestinal GVHD (stage 3–4, or 

peak diarrheal volumes over 1.5 liters per day) has also decreased during the past decade, 

treatment remains unsuccessful in most cases,2 and the gastrointestinal tract is involved in 

virtually all fatal cases of acute GVHD.

Two distinct phenotypes of gut GVHD can be identified—upper gut (limited to stage 1) and 

mid-lower gut—that differ in presentation, natural history, response to therapy, and risk of 

mortality. The upper gut phenotype generally does not progress to the mid-lower gut 

phenotype.3,4 The upper gut phenotype presents with persistent loss of appetite, satiety, 

nausea, vomiting, and weight loss, with variable amounts of diarrhea, usually less than 500 

mL per day.5,6 The presentation can be indolent, and therapy with prednisone at doses of 1 

mg/kg/day plus topical oral corticosteroid is effective.3,7,8

The mid-lower gut phenotype of GVHD presents with secretory, protein-rich diarrhea and 

abdominal pain resulting from gut distention.9,10 In severe cases, the entire small intestine 

and colon are edematous and inflamed, with diarrheal volumes in excess of 1.5 liters per day 

and evidence of mucosal ulceration and bleeding. This clinical picture may be accompanied 

by culture-negative fever, jaundice, low systemic vascular resistance, and high cardiac 

output. Most patients with severe mid-lower gut GVHD require prolonged hospitalization 

for supportive care including total parenteral nutrition and pain control. Although outcomes 

are typically poor, the standard for initial therapy is prednisone at 2 mg/kg/day, with 

addition of other immune suppressive therapies when treatment with prednisone fails to 

control the disease.11

We hypothesized that a detailed analysis of the early clinical findings and response to initial 

therapy in patients with severe (stage 3–4) gut GVHD would identify patients at very high 

risk for mortality. Identification of risk factors for mortality could serve at least three highly 

useful purposes. First, this information could be used to assist physicians and patients in 

making decisions to implement more aggressive treatment or to change course toward 

palliative care. Second, the results could be used to formulate eligibility criteria and to 

stratify patients for enrollment in investigational studies testing new approaches for treating 

severe gut GVHD. Third, the profile of risk factors could be used as a tool to compare and 

interpret the results of different studies evaluating new treatment for severe gut GVHD. To 

test our hypothesis, we retrospectively analyzed 116 consecutive patients with stage 3 or 4 
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acute GVHD of the gastrointestinal tract to characterize their clinical course and to identify 

risk factors for mortality.

PATIENTS AND METHODS

Patients

The study included consecutive patients from a well-characterized database who had 

allogeneic HCT at the Fred Hutchinson Cancer Research Center (FHCRC) between January 

2000 and December 2005 and developed stages 3 and 4 gut GVHD.7 Patients had given 

consent allowing the use of medical records for research, as approved by the FHCRC 

Institutional Review Board.

Preparative regimens and post-transplant immunosuppressive regimens

High-intensity (myeloablative) conditioning regimens were based on total body irradiation 

(TBI) or busulfan. After myeloablative conditioning, most patients received a calcineurin 

inhibitor (cyclosporine or tacrolimus) in combination with either methotrexate or 

mycophenolate mofetil (MMF) for GVHD prophylaxis as previously described.12,13 After 

reduced-intensity conditioning, a calcineurin inhibitor was administered in combination with 

MMF for posttransplant immunosuppression.14,15

Assessment of GVHD

The diagnosis of acute gut GVHD was based on clinical signs, exclusion of other causes of 

diarrhea >500 ml/day (Stage ≥ 1) and, if available, endoscopic evaluation including mucosal 

biopsy with characteristic histologic findings of GVHD and no infection identified.2,16 Gut 

biopsies were not done in all patients to establish a diagnosis of gut GVHD. The most 

common reasons for not obtaining a gut biopsy were 1) the presence of low platelet counts 

which were unsupportable with transfusions or 2) the diagnosis of GVHD was already 

established by biopsies of the skin with negative stool studies for infection and CMV-

negative serology in both donor and recipient. Presentation with isolated nausea and 

vomiting without biopsy documentation of GVHD was not considered sufficient for the 

diagnosis. Acute GVHD was staged and graded according to established criteria.17,18

Treatment of GVHD and supportive care

Treatment of acute GVHD for the time period covered by this study has been previously 

described.7 Briefly, after a diagnosis of acute GVHD was confirmed, treatment was started 

with an initial prednisone-equivalent corticosteroid dose of 1 or 2 mg/kg/day at the 

discretion of the attending physician,7 and any prior treatment with calcineurin inhibitors or 

MMF was continued. Second-line therapy was started with other immunosuppressive agents 

at the discretion of the attending physician if patients had an unsatisfactory response to first-

line therapy with corticosteroids. In patients treated initially with low-dose corticosteroids, 

alternative immunosuppressive agents were added only after an unsuccessful attempt to 

control GVHD with higher doses of corticosteroids.

Supportive care after allogeneic HCT has been previously described.7 Briefly, levofloxacin 

was administered to prevent bacterial infections during neutropenia. Fluconazole 400 

Castilla-Llorente et al. Page 3

Bone Marrow Transplant. Author manuscript; available in PMC 2015 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mg/day was administered until day 75 to prevent fungal infection. Voriconazole was 

substituted to prevent mold infection at the discretion of the attending physician. 

Neutropenic fever was treated with broad-spectrum antibiotics, and if fever persisted, 

antifungal therapy was changed. Antimicrobial treatment was administered until fever and 

neutropenia resolved. Acyclovir was administered to prevent activation of herpes simplex 

virus and varicella-zoster virus. Blood samples were tested weekly for cytomegalovirus 

activation, and preemptive therapy with ganciclovir was started when results were positive. 

Trimethoprim-sulfamethoxazole was given to prevent Pneumocystis jiroveci pneumonia. 

Platelet transfusions were given for platelet counts <10,000/mm3.

Study design

Values for peak and nadir of clinical and laboratory parameters were assigned for each 

consecutive 14-day interval starting at 14 days before the diagnosis of stage 3 or 4 acute gut 

GVHD and continuing to the resolution of symptoms, end of follow-up or death. A peak 

grade or organ stage of acute GVHD was also assigned for each 14-day interval. The 

parameters for which data were collected are summarized in Supplementary Table 1. Other 

data collected for this analysis included demographics, the regimen used for GVHD 

prophylaxis, the severity of the regimenrelated toxicity, dose of corticosteroids for treatment 

of GVHD (prednisone-equivalent 1 or 2 mg/kg/day) and cause of death.

Corticosteroid-resistant GVHD was defined as progression at 2 days, the absence of 

improvement at 7 days, incomplete response at 14 days during prednisone-equivalent 

treatment at 2 mg/kg or higher,11 or development of stage 3 or 4 gut GVHD during 

treatment with a prednisone-equivalent dose of 2 mg/kg or higher for skin, liver or lower 

stage of gut GVHD. Complete response was defined as resolution of all manifestations of 

acute gastrointestinal GVHD for at least 14 days at any time after onset of stage 3–4 gut 

GVHD, regardless of the number of previous lines of treatment.

Statistical analysis

Survival and progression-free survival after the onset of stage 3–4 GVHD were estimated 

using the Kaplan-Meier method. Cumulative incidence curves for GVHD, mortality, 

infection and secondary therapy were estimated by methods previously described.19 

Unadjusted and adjusted hazard ratios for time-to-event endpoints were estimated by Cox 

regression, treating death and recurrent malignancy as competing events when appropriate. 

Unadjusted and adjusted odds ratios for binary endpoints (prolonged hospitalization) were 

estimated by using logistic regression.

RESULTS

Patient characteristics

Between January, 2000 and December, 2005, 1462 patients underwent allogeneic 

hematopoietic cell transplantation. A total of 116 (7.9%) patients developed stage 3 or 4 

acute GVHD of the gastrointestinal tract by day 135 (Table 1). The median patient age was 

48 (range, 1–74) years. The cumulative incidence of stage 3 or 4 gut GVHD was 11.7% after 

reduced-intensity conditioning and 6.4% after myeloablative conditioning.
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Clinical characteristics of stage 3–4 acute GI GVHD

The median onset of stage 3–4 gut GVHD was 35 (4–135) days after HCT. Ninety-eight of 

the 116 patients (84%) developed either stage 3 or 4 gut GVHD within the first 2 weeks 

after the onset of diarrhea. The median time to onset was significantly later after a reduced-

intensity vs. myeloablative conditioning regimen (54.5 (6–122) vs. 20.5 (4–135) days, 

respectively (p<0.0001). During the first 14-day interval, 42 patients (36%) had peak stage 3 

and 74 patients (64%) had peak stage 4 gut GVHD (Table 2). Eleven of the 42 patients 

(26%) with peak stage 3 gut GVHD during the first 14-day interval later had progression to 

stage 4. Concomitant liver and skin GVHD were observed in 59 (50%) and 73 (63%) of 

patients, respectively. Twenty-three patients (20%) had isolated gut GVHD with no skin or 

liver involvement. During the first 14-day interval, the mean peak volume of diarrhea was 

1954 (SD, 1391) mL/day, and the median serum albumin concentration was 2.1 (range 1.1–

3.6) g/dL. Five patients were treated for Clostridium difficile infection during the first 14-

day interval. Five patients were diagnosed with CMV enteritis (n=5) during subsequent 

intervals.

Response to therapy

First-line therapy for acute GVHD in all patients was corticosteroids. By the end of the first 

14-day period after onset of stage 3–4 gut GVHD, 85 of the 116 patients (73%) were 

corticosteroid-resistant. Forty-five patients (39%) had received high-dose prednisone for 

skin, liver or lower stage of gut GVHD and were corticosteroid-resistant at onset of 

progression to stage 3–4 gut GVHD. Another 40 patients (34%) developed corticosteroid 

resistance during the first 14-day interval after onset of stage 3–4 gut GVHD. Sixteen and 12 

of these 40 patients were assessed as corticosteroid-resistant after 2 and 7 days of treatment, 

respectively.

Sixty-one of the 116 patients (53%) had a first CR by the end of the first 14-day period 

(n=31) or a subsequent 14-day time period after additional therapy (n=30). The mean time 

interval to CR after the onset of stage 3–4 gut GVHD was 39 days (range 14 to 322). Gut 

GVHD recurred at a mean of 45 (range 14 to 112) days in 36 patients who had a CR. Of the 

36 patients who had a relapse of gut GVHD, 22 had a second CR, which persisted until the 

end of follow-up in all but two patients.

Mortality of patients with stage 3–4 gut GVHD

Overall survival at 2 years after the onset of stage 3 or 4 gut GVHD was 25% for the 116 

patients. In the multivariate analysis of risk factors identified within 14 days after onset of 

stage 3–4 gut GVHD, corticosteroid-resistance (HR=2.93; [1.6–5.3], p=0.0005), adult age 

(>18 years) at HCT (HR=4.95; [2.0–12], p=0.0004), increased total serum bilirubin (>3.0 

mg/dL) (HR 2.53; [1.6–4.0], p=0.0001), and overt gastrointestinal bleeding (HR 2.88; [1.6–

5.2], p= 0.0004) were most significantly related to mortality (Table 3). Overall survival at 2 

years after onset of corticosteroid-resistant stage 3 or 4 gut GVHD was 55% for 11 pediatric 

patients. Grade 3 endoscopic abnormalities in the upper gastrointestinal tract showed an 

association with an increased risk of mortality (HR 2.18, [1.0–4.7], p=0.05). Increasing 

numbers of the 4 most statistically significant risk factors increased the risk of mortality 

(Figure 1 and Supplementary Table 2). No long-term survival was observed when all four of 
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these risk factors were present. The severity of regimen-related toxicity, endoscopic grade in 

the colon, histopathological grades, intensity of the conditioning regimen, conditioning with 

high-dose TBI, disease status and prior CMV infection were not associated with statistically 

significant differences in survival after the onset of stage 3–4 gut GVHD. Causes of death 

were GVHD (n=49), infection (n=16), relapse (n=13) and other (n=11).

DISCUSSION

Our results show that clinical characteristics within 14 day after the onset of stage 3–4 gut 

GVHD can be used to identify subgroups of patients with distinctly different outcomes. The 

subgroup with 0–1 or 2 risk factors had a more favorable prognosis (6 month overall 

survival 83% and 73%, respectively), whereas the subgroup with 3 or 4 risk factors had a 

dismal prognosis (6 month overall survival 26% and 0, respectively). We used an interval of 

14 days after the onset of gut GVHD to identify risk factors that predicted a poor outcome. 

In many patients, GVHD was identified as resistant to corticosteroids before the onset of 

stage 3–4 gut GVHD. Observation for the full 14 days after the onset of stage 3–4 gut 

GVHD was needed to define corticosteroid-resistance only in patients who had an 

incomplete response. Other investigators have identified clinical markers that predict 

mortality at the onset of GVHD.20,21 Our study differs from others by virtue of its focus on 

patients with stage 3–4 GVHD.

Severe gut GVHD has conventionally been considered to include both stage 3 and 4. The 

severe abdominal cramping or appearance of blood or melena that defines stage 4 disease 

likely reflects profound mucosal damage. Endoscopy with biopsy of the upper and lower 

gastrointestinal tract is useful for diagnosing acute GVHD. We observed worse survival in 

patients with extensive, confluent erosions or ulcerations (grade 3) of the upper but not the 

lower gastrointestinal tract. We did not include endoscopic grade of GVHD in upper 

gastrointestinal tract as one of the risk factors in the assessment of overall survival based on 

cumulative risks because this data was not available for many patients and the other 4 risk 

factors were much stronger predictors.

Neither endoscopic examination of the upper gastrointestinal tract nor sigmoidoscopy 

examines the jejunum, ileum, and cecum, which are the sites of the most severe gut 

involvement with acute GVHD.22 The yield for diagnosis of gut GVHD is highest when the 

entire colon and ileum are examined and biopsied. Endoscopic findings and histology offer 

complementary information.23 Because the normal ileum delivers only 1.2 liters of fluid into 

the colon per day, diarrheal volumes over 1.5 liters are indicative of severe ileal dysfunction.

Regenerating islet-derived 3α (REG3α) has been associated with presence of gut GVHD 

and could distinguish GVHD-associated diarrhea from non-GVHD causes.24,25 Blood levels 

of REG3α were significantly higher when gut biopsies showed mucosal denudation 

compared to less severe GVHD. REG3α concentrations correlated with survival, but the 

strongest correlation was observed when clinical factors such as advanced clinical stage and 

severe histologic damage of the gut mucosa were added to the assessment of risk for a poor 

outcome. In the current retrospective analysis, we have shown that clinical factors alone are 

highly predictive of outcome among patients with severe gut GVHD.
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Histologic evidence of crypt loss has been correlated with volume of diarrhea and severity 

of gastrointestinal symptoms.26 Histologic severity of gut GVHD was observed to be an 

important prognostic factor especially when used in association with blood concentrations of 

REG3α. However, we and others have not previously observed an association between 

histological grade of GVHD and outcome.16,23 In this current report, an increased histologic 

grade of GVHD in the upper gut was associated with increased mortality only as a trend in 

the univariate analysis. The accuracy of histologic diagnosis of GVHD is limited by inability 

to biopsy the most severely involved mucosa, sampling error, and infrequency of apoptotic 

crypt lesions.16,23

Stage 3–4 gut GVHD is frequently resistant to corticosteroid treatment. McMillan et al. 

noted a higher incidence of corticosteroid-treatment failure in patients with gut GVHD than 

in other patients.27 Outcomes after therapy for corticosteroid-resistant acute GVHD have 

been reviewed by Pidala et al.28 Although certain agents appear to have some efficacy, 

response rates and survival rates have varied but are generally poor.29 Randomized clinical 

trials have failed to demonstrate that any agent substantially improves outcomes of 

corticosteroid-resistant or refractory GVHD, and survival remains poor in recent pilot 

studies of novel agents.30

The risk factors identified in our study should allow better selection and stratification of 

patients for novel treatment strategies. Risk factors for decreased survival identified in other 

studies of corticosteroid-resistant GVHD include grade III-IV disease, involvement of gut or 

liver, serum bilirubin ≥ 3.0 mg/dL and prior use of MMF as treatment for GVHD.31–35 Age 

< 18 years has also been identified as a favorable risk factor in some other studies of 

GVHD.31,32,34,35 Considerable variation has been noted in the reported outcomes of 

treatment for corticosteroid-resistant GVHD.28 Although some of this variability might be 

explained by the agent being tested or by differences in the definition of corticosteroid-

resistant GVHD, differences in the prevalence of the risk factors for survival that we have 

identified are likely to have an important role. The risk factors for survival that we have 

identified could be used to inform the design of future studies aimed at improving treatment 

for gut GVHD.

In summary, we have identified risk factors for mortality related to severe gut GVHD which 

can be identified within 2 weeks of onset. We did not attempt to describe the full spectrum 

of gut GVHD. Instead, our goal was to develop a tool for identifying those patients with gut 

GVHD who have a very poor prognosis. We see several directions for future research 

toward improving survival of patients with severe gut GVHD: 1) clinical trials of novel 

therapies to blunt both cellular and innate immune reactions after the onset of GVHD 

symptoms; 2) clinical trials to modulate epithelial and endothelial tight junctions affected by 

the inflammatory milieu and stimulation of epithelial regeneration to restore mucosal 

integrity; 3) consideration of reconditioning and transplanting either an autologous or 

allogeneic hematopoietic cell graft for patients who otherwise would have a very poor 

survival.36–39 Very little progress has been made in improving therapy for severe gut GVHD 

during the past 30 years. The results of this study should be considered in designing future 

studies of severe gut acute GVHD and in counseling patients about prognosis.
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Figure 1. Overall survival of patients with stage 3–4 gut GVHD according to the number of risk 
factors
The risk factors include: 1) serum bilirubin >3.0, 2) corticosteroid-resistance, 3) age >18 

years at transplant and 4) gastrointestinal bleeding. Risk factors are based on events 

occurring within the first 14 days after onset of stage 3–4 gut GVHD. (0–1 risk factors: 

n=18; 2 risk factors: n=30; 3 risk factors: n=35; 4 risk factors: n=33).
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Table 1

Patient characteristics

Patients with
stage 3–4

GI GVHD (n=116) N (%)

Patient age

≤18 years 14 (12)

  19–39 years 23 (20)

  40–59 years 62 (53)

≥ 60 years 17 (15)

Donor/patient sex

  Female/male 32 (28)

  Other 84 (72)

Diagnosis

  AML 36 (31)

  ALL 6 (5)

  MDS/MPD 25 (22)

  CML 9 (8)

  CLL 5 (4)

  HD 7 (6)

  NHL 17 (15)

  MM 4 (3)

  Other 7 (6)

Donor type and HLA status

  Related donors HLA-identical 47 (40)

  HLA-mismatched 0

  Unrelated donors HLA-matched 44 (38)

  HLA-mismatched 25 (22)

Cell source

  Cord blood 0

  Bone Marrow 20 (17)

  PBSC 96 (83)

Conditioning regimen

  Reduced intensity 48 (41)

  Myeloablative 68 (59)

Previous autologous HCT

  No 97 (84)
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Patients with
stage 3–4

GI GVHD (n=116) N (%)

  Yes 19 (16)

GVHD prophylaxis

  CNI 5 (4)

  CNI/Methotrexate 54 (47)

  CNI/MMF 57 (49)

  Other 0

*
Abbreviations: ALL acute lymphoid leukemia, AML- acute myeloid leukemia, CLL- chronic lymphocytic leukemia, CML- chronic myeloid 

leukemia, CNI- calcineurin inhibitor, GI- gastrointestinal, GVHD- graft-vs-host disease, HCT- hematopoietic cell transplantation, HD- Hodgkin’s 
disease, HLA- human leukocyte antigen, MDS- myelodysplastic syndrome, MM- multiple myeloma, MMF- mycophenolate mofetil, NHL- non-
Hodgkin’s lymphoma, PBSCperipheral blood stem cells.
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Table 2

Clinical characteristics during the first 14 days after onset of stage 3–4 gut GVHD

Characteristic

Peak stage of gut GVHD, n (%) Stage 3 42 (36)

Stage 4 74 (64)

Skin GVHD, n (%) Stage 1–4 59 (50)

Liver GVHD, n (%) Stage 1–4 73 (63)

Mean peak daily volume of diarrhea during interval; mL (SD) 1954 (1391)

Anorexia, nausea or vomiting, n (%) 90 (78)

Median nadir of serum albumin, g/dL (range) 2.1 (1.1–3.6)

Cramps, n (%) 54 (47)

Melena or blood, n (%) 66 (57)

Melena/blood and cramps, n (%) 46 (40)
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Table 3

Risk factors for mortality*

Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Stage at onset

  3 (n=42) 1.0
0.001

1.0
0.83

  4 (n=74) 2.07 (1.3–3.3) 1.07 (0.6–1.9)

Corticosteroid-resistance before or during the 14-day interval

  No (n=31) 1.0
<0.0001

1.0
0.0005

  Yes (n=85) 2.81 (1.6–4.8) 2.93 (1.6–5.3)

Age at transplant

  ≤18 (n=14) 1.0
0.0003

1.0
0.0004

  >18 (n=102) 3.57 (1.6–8.2) 4.95 (2.0–12)

Bilirubin

  ≤ 3.0 (n=57) 1.0
<0.0001

1.0
0.0001

  > 3.0 (n=59) 2.81 (1.8–4.3) 2.53 (1.6–4.0)

Albumin

  >1.6 (n=84) 1.0
<0.0001

1.0
0.26

  ≤ 1.6 (n=32) 2.69 (1.7–4.2) 1.35 (0.8–2.3)

GI bleed

  No (n=50) 1.0
<0.0001

1.0
0.0004

  Yes (n=66) 3.46 (2.2–5.5) 2.88 (1.6–5.2)

TBI (≥1200 cGy)

  No (n=94) 1.0
0.03

1.0
0.24

  Yes (n=22) 0.50 (0.3–0.9) 0.69 (0.4–1.3)

Conditioning

  MA (n=68) 1.0
0.68

  NMA (n=48) 1.09 (0.7–1.7)

Patient CMV

  − (n=55) 1.0
0.57

  + (n=61) 1.13 (0.7–1.7)

Disease risk**

  Low (n=40) 1.0 0.10

  High (n=76) 1.46 (0.9–2.3)

Regimen related toxicity

  No (n=57) 1.0 0.40
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Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

  Yes (n=59) 0.84 (0.6–1.3)

Upper endoscopy*** (clinical)

  0–2 (n=64) 1.0
0.006

1.0
0.05

  3+ (n=11) 2.84 (1.4–5.6) 2.18 (1.0–4.7)

Upper endoscopy*** (biopsy)

  0–2 (n=69) 1.0
0.08

  3+ (n=6) 2.35 (1.0–5.5)

Lower endoscopy*** (clinical)

  0–2 (n=35) 1.0
0.58

  3+ (n=11) 1.23 (0.6–2.5)

Lower endoscopy*** (biopsy)

  0–2 (n=26) 1.0

  3+ (n=20) 1.43 (0.7–2.7) 0.28

CT scan***

  0,1 (n=28) 1.0

  2 (n=11) 0.55 (0.2–1.3) 0.16

*
All covariates are based on the ‘worst’ assessment during the 14 days before or after the onset of stage 3–4 gut GVHD.

**
For disease risk: lower risk is CML chronic phase, MDS RA/RARS, and acute leukemia in remission; all others are higher risk.

***
Results were available for upper endoscopy in 75 patients, for lower endoscopy in 46 patients and CT scan in 39 patients (term for missing 

included in multivariate model).
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