
Bone Marrow Transplantation (2021) 56:963–967
https://doi.org/10.1038/s41409-020-01096-7

CORRESPONDENCE

Identification of endoscopic factors that predict poor responses to
steroids in patients with gastrointestinal acute graft-versus-host
disease

Kaoru Morita 1
● Shin-ichiro Fujiwara1 ● Takashi Ikeda1 ● Shin-ichiro Kawaguchi1 ● Yumiko Toda1 ● Shoko Ito1

●

Takashi Nagayama1 ● Kiyomi Mashima 1
● Kento Umino1

● Daisuke Minakata1 ● Hirofumi Nakano1
●

Ryoko Yamasaki1 ● Masahiro Ashizawa1 ● Chihiro Yamamoto 1
● Kaoru Hatano1

● Kazuya Sato1
● Iekuni Oh1

●

Ken Ohmine1 ● Yoshinobu Kanda 1

Received: 27 May 2020 / Revised: 1 October 2020 / Accepted: 19 October 2020 / Published online: 2 November 2020
© The Author(s), under exclusive licence to Springer Nature Limited 2020

Abstract
Gastrointestinal acute graft-versus-host disease (aGVHD) is a life-threatening complication that requires urgent and
appropriate treatment. An endoscopic examination is considered the gold-standard for the diagnosis of gastrointestinal
aGVHD. However, the prognostic value of endoscopy remains controversial. This study aimed to investigate the usefulness
of pre-treatment macroscopic and histopathologic findings of upper and lower endoscopy with respect to predicting steroid-
resistant gastrointestinal aGVHD. This retrospective study included 44 patients with gastrointestinal aGVHD who
underwent endoscopy at the time of diagnosis and received systemic steroid treatment at our hospital. We graded the
macroscopic and histopathologic findings using a previously validated 4-point scale. Univariate analyses of endoscopic
grading revealed that a higher macroscopic grade in the ileum and higher histopathologic grades in the ileum and colon
predicted a poor response to systemic steroids. In a multivariate analysis, macroscopic and histopathologic severity in the
ileum were identified as significant prognostic factors that indicated resistance to steroid therapy. The presence of
granulation tissue was also a strong independent predictor of resistance to steroid therapy. These findings suggest that both
macroscopic and histopathologic findings in the ileum may be useful predictors of steroid-refractory gastrointestinal aGVHD
and can indicate an immediate need to develop a second-line strategy.

Gastrointestinal acute graft-versus-host disease (aGVHD) is
a life-threatening complication that requires urgent and
appropriate treatment. An endoscopic examination is con-
sidered the gold-standard for the diagnosis of gastro-
intestinal aGVHD. To date, several investigators have
studied the potential associations of endoscopic findings
with the prognosis. Studies of upper endoscopy findings
have determined that an infiltration of neutrophils or eosi-
nophils, increased numbers of apoptotic cells, and low

numbers of Paneth cells in the duodenum predicted disease
severity [1–3]. Studies of lower endoscopy findings showed
that the presence of colonic crypt loss and villous atrophy in
the terminal ileum were correlated with responses to ster-
oids [4, 5]. However, no consensus has been reached
regarding which gastrointestinal tract segment is the stron-
gest predictor of steroid resistance. Therefore, this study
aimed to evaluate macroscopic and histopathologic endo-
scopy findings from all segments of the gastrointestinal tract
and determine which segment of the upper and lower gas-
trointestinal tract is most useful for predicting a refractory
response to systemic steroid therapy.

We retrospectively analyzed patients who underwent
upper endoscopy and/or lower endoscopy because of sus-
pected gastrointestinal aGVHD, received a clinical diag-
nosis of grade II–IV gastrointestinal aGVHD, and were
initially treated with systemic steroids at Jichi Medical Uni-
versity Hospital from 2005 to 2019. The indications for
endoscopy included diarrhea, nausea, and vomiting that could
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not be explained by other causes. The endoscopy assessment
included five anatomic regions: stomach (fundus, body,
antrum, and pylorus), duodenum (bulb and descending part),
terminal ileum, colon (descending, transverse, descending,
and sigmoid colon), and rectum. Biopsies were collected from
each of these sites. At least two biopsies were sampled even if
the tissue appeared macroscopically normal. Macroscopic and
histopathologic findings were graded using a 4-point scale
adapted from Cruz-Correa et al. [6] (Supplementary
Fig. 1a–d). Endoscopic results were used to increase diag-
nostic confidence and to exclude other etiologies. Steroid-
refractory disease was defined as aGVHD progression within
3 days of corticosteroid therapy (dosage: 1–2mg prednisone/
kg/day) or failure to improve after 7 days of corticosteroid
therapy. This retrospective analysis was conducted after
receiving approval from the Institutional Review Board of
Jichi Medical University.

Of the 668 total HSCT procedures performed during the
study period, 245 (37%) patients were diagnosed with
aGVHD. Among these 245 patients, 44 were diagnosed
with grade II–IV gastrointestinal aGVHD via endoscopic
evaluation and received systemic steroids as an initial
treatment. Of these 44 patients, 24 (55%) responded to
steroid therapy (steroid-responsive group), whereas the
other 20 (45%) failed to achieve an adequate response
(steroid-refractory group). The baseline characteristics of
the recipients and donors are summarized in Table 1. At
baseline, the stem cell source alone differed significantly
between the steroid-responsive and steroid-refractory
groups (P= 0.0406).

About aGVHD, the cumulative incidence of grade
III–IV aGVHD was 25% in the steroid-responsive group
and 75% in the steroid-refractory group (P= 0.00136;
Supplementary Table 1). In all organs except the skin,
stage III–IV aGVHD involvement was more frequently
observed in the steroid-refractory group than in the
steroid-sensitive group. The complete response rate at day
28 was 96% in the steroid-sensitive group and 30% in the
steroid-refractory group (odds ratio= 0.0211, 95% CI:
0.000430–0.184, P < 0.001). The cumulative incidence of
non-relapse mortality at 12 months was 9.4% in the
steroid-sensitive group and 40% in the steroid-refractory
group (P= 0.00231).

All patients underwent at least upper or lower endo-
scopy, and 43% underwent both procedures (Table 1).
Biopsies were performed in 85% of upper endoscopies and
100% of lower endoscopies. Regarding structures targeted
by upper and lower endoscopy, the ileum was the most
severely involved site (Supplementary Table 2). Interest-
ingly, the macroscopic severity of ileum did not always
reflect that of other segments. In 70% (7/10) of cases that
grade 4 lesions were observed in ileum macroscopically, the
scores of other segments were mild (2 or less). Moreover,

granulation tissue was a prominent finding in the
steroid-refractory group, although this factor was not
included in the histopathologic grading criteria.

We next investigated the endoscopic factors that pre-
dicted a steroid response in patients with gastrointestinal
aGVHD. The univariate analysis indicated that macroscopic
findings in the ileum, histologic findings in the ileum and
colon, and the presence of granulation were prognostic
variables for steroid-refractory gastrointestinal aGVHD
(hazard ratio [HR]= 11.2, 95% confidence interval [CI]:
2.2–56.9, P= 0.00359; HR= 16.9, 95% CI: 2.55–111,
P= 0.00335; HR= 4.71, 95% CI: 1.08–20.6, P= 0.0395;
HR= 18.8, 95% CI: 2.11–168, P= 0.00854, respectively)
(Table 2). After we adjusted for potential contributing
variables as identified by the univariate analysis, multi-
variate analyses revealed that macroscopic and histologic
findings in the ileum and the presence of granulation were
associated with steroid-refractory gastrointestinal aGVHD
(HR= 11.7, 95% CI: 1.84–74.2, P= 0.00918; HR= 13.2,
95% CI: 1.5–116, P= 0.0201; HR= 18.9, 95% CI:
1.96–183, P= 0.011, respectively) (Table 2).

In this study, we analyzed all segments targeted by both
upper and lower endoscopy and determined that macro-
scopic and histopathological findings in the terminal ileum
were significantly associated with the response to steroids in
a multivariate analysis. Other segments did not significantly
predict the response to steroids. Previous reports have
emphasized the importance of the duodenum or colon with
respect to disease severity and outcomes [1–4], and the
difference between those conclusions and our findings
might be due to a lack of investigation of the terminal ileum
via lower endoscopy in earlier studies.

Interestingly, the presence of granulation tissue was
significantly associated with steroid-refractory disease. The
presence of granulomatous inflammation in the intestine
was first reported in the context of cord colitis syndrome,
which arises after cord blood transplantation (CBT) [7].
However, a later report stated that granulation is not a
specific feature of cord colitis syndrome but is also present
in cases of gastrointestinal aGVHD and cytomegalovirus
(CMV) colitis [8]. In this study, granulation tissue was
observed in only one patient who received CBT. Recent
studies have also shown that a selective migration of the
ileum by neutrophils is closely associated with aGVHD
pathogenesis in mouse models [9, 10]. We observed neu-
trophil localization in granulomatous lesions of the ileum
(Supplementary Fig. 1e). The reason neutrophil existed only
to a certain extent might be that neutrophils were reported to
migrate from the ileum to the mesenteric lymph nodes
before the onset of aGVHD [10]. Although future studies
will need to analyze the pathogenesis of granulation, we
have provided new evidence suggesting that granulation is
also a useful predictor of disease severity.
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Our study had some limitations. First, this was a retro-
spective study of a small number of patients at a single
institution. Second, we evaluated the macroscopic and his-
topathologic findings according to the Cruza and Freiburg

criteria, which are commonly referred to in other articles, but
did not apply the most recent grading system [11].

In conclusion, although our study is limited by factors
inherent to a single-center retrospective analysis, our data

Table 1 Patient and transplant characteristics.

Characteristic Value (n= 44) Steroid-responsive Steroid-refractory Total P

Age

Median 43 49 47.5 0.86

Range 17–68 17–65 17–68

Sex

Male 12 13 25 0.372

Female 12 7 19

PS

0 11 9 20 0.979

1 11 10 21

2–4 2 1 3

Time from transplant to onset of gastrointestinal aGVHD-like symptom

Median (days) 32 23 28 0.203

Range 17–91 15–64

Disease

AML 10 8 18 0.664

MDS 6 3 9

ALL 3 3 6

ML 4 2 6

CML 0 2 2

Others 1 2 3

Disease risk

High 10 11 21 0.545

Low 14 9 23

Donor type

Matched related 4 5 9 0.593

Mismatched related 2 4 6

Matched unrelated 13 8 21

Mismatched unrelated 5 3 8

Stem cell source

Bone marrow 19 10 29 0.0406

Mobilized blood 3 9 12

Cord blood 2 1 3

Conditioning intensity

Myeloablative 17 17 34 0.306

Reduced intensity 7 3 10

TBI

12 13 10 23 0.758

2–4 5 2 7

0 6 8 14

ATG/Alemtuzumab 2 0 2

Procedure type

Upper endoscopy 13 13 26

Lower endoscopy 18 19 37

Biopsy performed

Upper endoscopy 9 13 22

Lower endoscopy 18 19 37

Factors related to patients, transplantation, and aGVHD were compared between steroid-responsive and steroid-refractory patients, using Fisher’s
exact test for categorial variables and the Mann–Whitney test for continuous variables.

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, ATG antithymocyte globulin, CML chronic myeloid leukemia, MDS
myelodysplastic syndrome, ML malignant lymphoma, PS performance status, TBI total body irradiation.
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provide new information about the potential usefulness of
endoscopy, especially with respect to the role of the term-
inal ileum in response to steroid therapy.
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