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Chimeric antigen receptor T-cell strategy targeting CD19 (CART19) has prominent anti-tumor
effect for relapsed/refractory B-cell lymphomas. CART19-associated complications have
been gradually recognized, however, late-onset complications have not been extensively
studied. Herein, for the first time we report a diffuse large B-cell ymphoma patient with ter-
minal ileum involvement obtained rapid remission and developed spontaneous terminal
ileal perforation 38 days following CART19 infusion. The late-onset perforation reminds us
that, for the safety of CART treatment, more cautions are warranted for the management
of delayed Gl complications.
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Introduction

Adoptive T-cell therapy with genetically engineered
chimeric antigen receptor (CAR) T-cell strategy targeting
CD19 (CART19) has shown great potential for the treatment
of B-cell malignancies, including acute lymphoblastic
leukemia, chronic lymphocytic leukemia, and non-Hodgkin
lymphoma. For relapsed/refractory B-cell lymphomas,
CART19 therapy has demonstrated an overall response rate
of 71%-73% and a complete remission (CR) rate of 50%-57%
in recent trials [1-3]. Despite the promising response rates,
safety issues still remain as a major concern for CART19 ther-
apy. Cytokine release syndrome (CRS), neurological toxici-
ties, and B-cell aplasia are most commonly encountered
adverse events which have been widely recognized [4].
These adverse events occur hours or days following CART19
infusion and are usually well managed with aggressive sup-
portive measures at early stage. On the contrary, lateonset
complications of CAR T-cell therapy have not been exten-
sively studied. Despite the scarcity of description, an early
recognition of late-onset complications would be important
to improve patients’ long-term outcomes. And, the recogni-
tion of late-onset complications would shed light on CART19
biological behaviors in vivo. Herein, for the first time we
report a case of diffuse large B-cell lymphoma (DLBCL)
patient with terminal ileum involvement obtained rapid
remission but developed spontaneous terminal ileal perfora-
tion 38 days following CART19 infusion.

Case Report

The 36-year-old male patient had a lengthy and compli-
cated oncological history. He initially presented to a local
hospital in 2003 due to an enlarged left tonsil. An excisional
biopsy confirmed a diagnosis of DLBCL, and no other
enlarged lymph nodes were appreciated at that time. Then,
the patient initiated a six-cycle therapy of EPOCH (cyclo-
phosphamide, doxorubicin, etoposide, vincristine, and pred-
nisone) and achieved CR. A routine follow-up in June 2014
noted multiple nodal enlargements involving bilateral pos-
terior cervical and axillary lymph nodes. Positron emission
tomography /computed tomography (PET/CT) scan revea-
led intensive uptakes in the aforementioned sites, as well as
the terminal ileum and the ascending colon. Then, a follow-
ing CT-guided biopsy on the ascending colon mass was per-
formed and afterwards confirmed a relapse of DLBCL
(non-germinal center B cell type). After four cycles of
R-CHOP (cyclophosphamide, doxorubicin, vincristine, and

prednisone plus rituximab) treatment, a repeat PET/CT scan
showed a partial remission with residual tumor activities in
the terminal ileum. Two more cycles of R-IVAC (etoposide,
ifosfamide, and cytarabine plus rituximab) were adminis-
tered but still failed to achieve CR. The patient continued an
alternative therapy and finally achieved CR (confirmed by
PET/CT) after three more cycles of chemotherapy with rit-
uximab, paclitaxel, and doxorubicin. Subsequently, the
patient underwent autologous hematopoietic stem cell trans-
plantation in March 2015 with conditioning regimen of car-
mustine, cytarabine, etoposide, and methotrexate. Seven
months later, a repeat PET/CT in October 2015 revealed dis-
seminated lymphoma relapsing regions including the termi-
nal ileum, appendix, liver, mesentery lymph nodes, the left
ilium, left femur, as well as axillary and cervical lymph
nodes. The patient was treated by a following palliative ther-
apy with thalidomide and rituximab until increased tumor
burdens caused severe abdominal and back pain in May
2016. Given the patient’s good performance status, a cycle of
GDP (gemcitabine, dexamethasone, and cisplatin) was used
before the primary disease progressed. Then, the patient was
recruited to a CART19 clinical trial (Chictr.org N, ChiCTR-
OCC-15007008) in December 2016 under informed consent.
A pre-recruitment PET/CT showed increased activities in
the terminal ileum, mesentery lymph nodes, the pancreatic
tail, left femur and vertebral body of S2 (Fig. 1A). After a lym-
phocyte-depleting chemotherapy by FC regimen (fludara-
bine 30 mg/m? day 1 to 3, cyclophosphamide 500 mg/m? day
2to 3), CART19s were generated as previously reported [5,6].
The patient received an infusion of CART19s with a dose of
1.0x10” CART19s per kilogram.

After infusion, CART19s engrafted and expanded in
peripheral blood. The patient developed fever (Fig. 1C) with
marked elevation of serum interleukin (IL)-6, IL-10, inter-
feron y (IFN-y), C-reactive protein, D-dimer, and ferritin 2
days after the infusion (Fig. 1D); grade 2 CRS was diagnosed.
The serum cytokines fell into normal ranges within 4 days of
supportive care. A follow-up PET/CT 30 days after the infu-
sion showed a CR (Fig. 1B). However, 38 days after CART19
infusion, the patient suddenly developed severe abdominal
pain with exacerbated diffuse tenderness and guarding. An
exploratory laparotomy observed a perforation in the termi-
nal ileum at the site coincident with the site of lymphoma
involvement indicated in PET/CT scan before the CART19
infusion (Fig. 2A and B). The perforation was subsequently
repaired and the pathology of resected ileum showed con-
comitant partial necrotic tissues without infiltration of lym-
phoma cells or CART19 (Fig. 2C and D). No elevation of IL-6,
IL-10, INF-y, granzyme B, or other inflammatory cytokines
was noted. Detections of serum cytomegalo-virus-DNA and
EBV-DNA during perforation showed negative results.
Three months after surgery, the latest follow-up PET/CT
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Fig. 1. The patient achieved complete remission 30 days after chimeric antigen receptor T-cell strategy targeting CD19
(CART19s) infusion with grade 2 cytokine release syndrome. (A) Positron emission tomography/computed tomography
(PET/CT) showed lymphoma activities in the terminal ileum, the mesentery lymph nodes, the pancreatic tail, the left femur
and the vertebral body of S2 pre-CART19 treatment. (B) PET/CT showed a complete remission 30 days post-CART19 treat-
ment. (C) The patient developed fever 6 hours after CART19 infusion with the highest temperature 40.8°C and decreased to
normal level after 5 days. (D) Serum levels of interleukin (IL)-6, IL-10, interferon y (IFN-y), C-reactive protein (CRP),
D-dimer, and ferritin were elevated 2 days after the infusion and fell into the normal range within 4 days with supportive

care.

scan showed no observable residual lymphoma in ileal
region adjacent to the perforated site.

Discussion

In this study, we reported a case of delayed terminal ileal
perforation following rapid remission of CART19 therapy in
arelapsed /refractory DLBCL patient. Such perforation case
has not been reported previously. The patient achieved CR
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at 1 month after CART19s infusion, indicating that CART19s
could rapidly migrate to lymphoma sites and eradicate lym-
phoma cells. Patients under chemotherapy usually achieve
CR after four to six courses of treatment. The rapid remission
by CART19 therapy potentiates a superior option for partic-
ular patients in the future.

Bowel perforation events have been reported in around 9%
of lymphoma patients with gastrointestinal (GI) involve-
ment, of which 55% occurred after chemotherapy [7]. In
terms of histology, DLBCL was most commonly observed
and associated with the highest frequency of perforation [8].
The small bowel was not the most commonly affected site,
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Fig. 2. (A, B) In the exploratory laparotomy, a perforation in the terminal ileum (B) was discovered at the site coincident
with the location of lymphoma involvement reflected in positron emission tomography / computed tomography scan before
chimeric antigen receptor T-cell strategy targeting CD19 (CART19) infusion (A). (C) Pathological findings by H&E staining
showed no lymphoma cells and partial necrotic tissue. (D) Immunochemical staining revealed a negative result for CART19.

however, was at the highest risk of perforation [8,9]. The tim-
ing of GI perforation after the initiation of chemotherapy var-
ied from 4 days to more than 5 weeks in previous reports
[10-12]. Vaidya et al. [7] described that about half of the per-
foration post chemotherapy occurred within the first month.
The late on-set of perforation after chemotherapy turns to be
related with tumor necrosis and local inflammation, since a
large portion of patients with delayed perforation had no
viable residual tumor tissues at the perforation site con-
firmed by pathology [7]. Notably, bowel perforation after
chemotherapy is associated with a high mortality, an early
recognition and a timely treatment are critical to improve the
overall survival.

Our patient had a delayed terminal ileal perforation 38
days following CART19 infusion. The delayed presentation
of symptoms posed a great challenge for timely diagnosis
and treatment. As most CART19 complications occur hours
or days after infusion, few late-onset complications have
been reported in reported clinical trials. There have been
reports of delayed CRS that occurred weeks after CAR T-cell
infusion [13-15]. The late manifestation of CRS seemed to be
related with late in vivo CAR T-cell expansion [11]. GI com-
plications in lymphoma patients after CAR T-cell therapy
were rare in clinical trials. Turtle et al. [2] described a patient
with known GI invasive lymphoma mass died from a fatal
GI hemorrhage after a high dose CAR T-cell infusion. Wang
et al. [15] also described a patient with submucosal involve-

ment of stomach lymphoma died from a massive GI hemor-
rhage 3 weeks after CART-20 infusion, whose late presen-
tation of GI hemorrhage was correlated with delayed eleva-
tion of cytokines. No elevated cytokines or CART19s expan-
sion were observed in our patient during the ileal perfo-
ration. Also the CAR T-cells were not identified from the ileal
tissue. We hypothesize that tumor necrosis might contribute
to the later perforation event. The high dose-intensity che-
motherapy increases the risk of perforation in GI DLBCL
patients, while patients undergoing CAR T-cell therapy are
facing a higher risk of GI perforation, given the consistent
and vigorous anti-tumor effects by CAR T-cells. Moreover,
same as most late-onset GI perforations after chemotherapy,
our patient stayed in CR during GI perforation, indicating
that CART19 therapy and chemotherapy might share a sim-
ilar mechanism in late-onset perforation. As we know,
patients early after CART19 treatment might suffer from
pancytopenia and abnormal coagulation function. When GI
perforation occurred at this stage, there was almost no
chance for surgery, which would lead to a high mortality for
these patients. In this case, the ileal perforation occurred after
1 month of CART19 therapy, at a stage the patient spared
early complications and achieved CR. The late onset of per-
foration reminds us that, for the safety of CART19 treatment,
more cautions are still warranted to manage delayed GI com-
plications in those patients.

Collectively, perforation of GI lymphomas after chemo-
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therapy has been well recognized while this case was the first
report of perforation after CART19 treatment. The risk of GI
perforation should always be aware of when treating a lym-
phoma patient with GI involvement. Additionally, this case
brought forward another consideration that patients with GI
lymphoma should be carefully evaluated before CART19
treatment. Along with the rapid evolvement of CAR T-cell
therapy, an improved recognition of potential perforation
complication is no-doubt critical for each involved patient.
Still, more clinical trials are needed to address the location
and timing of perforation in the disease course after CART19
therapy, to verify the probability and necessity of surgical
intervention for these patients.
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