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Although radiation-induced mesenteritis or peritonitis can poten-
tially exacerbate the risk of bowel obstruction, there are no data in
the literature on the incidence of intestinal obstruction related to
peptide receptor radionuclide therapy. Methods: The records of all
patients treated with 77Lu-DOTATATE at Moffitt Cancer Center be-
tween April 2018 and October 2019 were evaluated. The number of
patients who developed bowel obstruction within 3 mo of a '77Lu-
DOTATATE treatment was divided by the total number of patients
with preexisting peritoneal or mesenteric disease. Management
strategies and outcomes were evaluated. Results: Of a total of
159 patients treated, 81 had baseline mesenteric or peritoneal dis-
ease, among whom 5 (6%) experienced at least 1 episode of bowel
obstruction within 3 mo of treatment. Two of the patients underwent
surgical exploration during obstruction describing a “frozen abdo-
men.” All 5 responded at least temporarily to high-dose corticoste-
roid treatment and regained bowel function, but 2 patients
eventually succumbed to progressive peritoneal disease. Conclu-
sion: Peptide receptor radionuclide therapy can lead to bowel ob-
struction in patients with mesenteric or peritoneal disease, likely by
inducing inflammation. Corticosteroids can potentially play a role in
treatment and prophylaxis.
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Radiolabeled somatostatin analogs have developed into an
important treatment option for patients with progressive, well-dif-
ferentiated neuroendocrine tumors (NETs) (/). These radiophar-
maceuticals belong to a treatment category known as peptide
receptor radionuclide therapy (PRRT) and are generated through
the linkage of a radioactive isotope to a somatostatin analog. This
linkage enables the delivery of targeted radiation to somatostatin-
receptor (SSTR)—expressing tumor cells. Several generations of
radioactive isotopes, most notably the B-emitters *°Y and '7’Lu,
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have been tested in clinical trials (2—5). With a maximum tissue
penetration range of roughly 2 mm, '7’Lu is associated with a
favorable therapeutic index. The radiolabeled somatostatin analog
177Lu-DOTATATE has been studied extensively in single-arm
studies and in the phase III NETTER-1 trial, where it was shown
to significantly delay progression-free survival compared with high-
dose octreotide in a population of patients with progressive midgut
NETs (6). Results of the NETTER-1 study, as well as a large in-
stitutional registry (2), led to the approval of '77Lu-DOTATATE for
the treatment of gastroenteropancreatic NETSs in the United States and
Europe in 2018.

A standard course of '7’Lu-DOTATATE consists of 4 treatment
cycles at a dose of 7.4 GBq (200 mCi) each, administered 8 wk
apart. Past analyses of '77Lu-DOTATATE-associated side effects
have focused primarily on myelotoxicity and nephrotoxicity. Se-
vere, irreversible myelotoxicity (myelodysplastic syndrome or
acute myelogenous leukemia) has been observed to occur in
roughly 2.5% of treated patients, whereas the risk of significant
nephrotoxicity appears to be negligible when prophylactic amino
acids are used (2,7). Gastrointestinal risks, other than acute nausea
or vomiting, have not been well described in the literature, possi-
bly because treatment-related toxicities are difficult to distinguish
from disease-associated complications.

Underlying mesenteric and peritoneal disease is associated with
a chronic risk of bowel obstruction. Mesenteric metastases from
small-bowel NETs are often characterized by surrounding desmo-
plasia, a fibrotic process that can tether adjacent bowel (8,9). De-
livery of radiation to mesenteric or peritoneal disease could,
potentially, increase the risk of bowel obstruction through an in-
flammatory mechanism. However, to our knowledge, there have
been no descriptions in the literature of intestinal obstruction aris-
ing as a consequence of treatment with 177Lu-DOTATATE. We
therefore sought to investigate the incidence of PRRT-induced
bowel obstruction in a high-volume treatment center.

MATERIALS AND METHODS

The medical records of all NET patients who received treatment
with 77Lu-DOTATATE at the Moffitt Cancer Center between April
2018 and October 2019 were reviewed. Institutional review board
approval was obtained, and a waiver of consent was granted because
of the retrospective nature of this study. Patients with underlying
mesenteric or peritoneal disease were considered to be an at-risk
population for bowel obstruction. The radiographic characteristics
of their baseline cross-sectional scans, as well as SSTR imaging, were
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evaluated by a board-certified radiologist and nuclear medicine spe-
cialist. Patients with extensive peritoneal disease (defined as >10
lesions) or mesenteric disease with significant desmoplastic fibrosis
tethering bowel were considered to be at high risk.

Patients who developed a bowel obstruction within 3 mo of a
treatment cycle of '7’Lu-DOTATATE were considered to have possi-
ble treatment-related obstruction. The timing of their symptoms in
relation to treatment, the course of obstruction, and management strat-
egies were extracted from the medical record.

The number of patients with bowel obstruction was divided by the
total number of treated patients, as well as by the subset of patients
with peritoneal or mesenteric disease (at-risk population) and the number
of patients with extensive peritoneal carcinomatosis or desmoplastic
mesenteric disease (high-risk population).

RESULTS

In total, 159 patients were treated between April 2018 (after
Food and Drug Administration approval and commercial avail-
ability of 77Lu-DOTATATE) and October 2019. Eighty-one pa-
tients (51%) were at risk for bowel obstruction due to baseline
mesenteric or peritoneal disease. Among the patients with mes-
enteric or peritoneal tumors, a majority (59 patients) had pri-
mary midgut (jejunal and ileocecal) tumors, 16 patients had
primary pancreatic tumors, and 6 patients had tumors of other
primary sites. Twenty-two patients were deemed to be at high
risk because of extensive peritoneal disease or desmoplastic
changes associated with mesenteric tumors. Among midgut
NET patients with mesenteric or peritoneal disease, 80% had
previously undergone resection of their primary tumor. Al-
though 19 patients with midgut NETs had experienced prior
small-bowel obstruction, 16 of those cases were related to pri-
mary tumor with or without associated mesenteric disease, and
only 3 cases were related to peritoneal carcinomatosis.

After beginning PRRT, 5 patients, all falling into the high-risk
category, experienced a bowel obstruction within 3 mo of a
treatment with '7’Lu-DOTATATE. These 5 cases represented 3%
of all patients treated with 77Lu-DOTATATE, 6% of patients with
mesenteric or peritoneal disease, and 22% of high-risk patients.
All had primary small-intestine (midgut) NETs with mesenteric
and peritoneal disease, the extent of which was best appreciated on
68Ga-DOTATATE imaging. All had undergone resection of primary
small-intestine tumors, and none had experienced overt bowel ob-
struction within the prior decade. The patient characteristics and
clinical course are summarized in Table 1 and described below.

The first patient to experience bowel obstruction had pro-
gressive hepatic, mesenteric, and peritoneal disease at the time of
initiation of treatment with !77Lu-DOTATATE. The peritoneal tu-
mor burden was exceptionally high (Fig. 1), and he had developed
a progressive stabbing abdominal pain shortly before treatment.
One week after initiating '”’Lu-DOTATATE, he presented with
bowel obstruction, and a CT scan showed peritoneal thickening
consistent with peritonitis, as well as dilatation of the proximal
colon. He was started on oral dexamethasone, 4 mg twice daily,
and was able to resume eating but was subsequently readmitted
with recurrent bowel obstruction with a transition point at the level
of the sigmoid colon. Exploratory laparotomy was performed and
revealed a “frozen abdomen” caused by extensive adhesions be-
tween abdominal viscera and the anterolateral abdominal wall,
leading to intestinal immobility. He was restarted on high-dose
steroids and again regained a temporary ability to eat. Treatment
with 177Lu-DOTATATE was not resumed and his peritoneal dis-
ease progressed. He eventually developed encapsulating peritoni-
tis and a cocoon abdomen 5 mo after treatment and died 6 mo after
treatment.

The second patient presented with progressive hepatic, skeletal,
mesenteric, and peritoneal disease (Fig. 2). Within several minutes

TABLE 1
Patient Characteristics and Clinical Course

177Lu-DOTATATE  Bowel-obstruction time

Patient no. administration point Intervention Outcome
1 Without steroids 1 wk after treatment 1 1: steroids Treatment was discontinued;
patient died 6 mo after
treatment 1
1 mo after treatment 1 2: surgical intervention, steroids
2 With steroids 2 wk after treatment 1 1: steroids Patient remains on total
parenteral nutrition
3 wk after treatment 4  2: surgical intervention attempted
(aborted); steroids
3 mo after treatment 4  3: total parenteral nutrition
3 1 and 2: without 5 wk after treatment 3  Steroids initially; major surgical Patient recovering from surgery
steroids abdominal debulking 5 mo after and doing well
obstruction
3: with steroids
4 With steroids 3 mo after treatment 2  Treatment canceled; patient died
6 mo after treatment 2
6 mo after treatment 2
5 Without steroids 10 d after treatment 2 Steroids Patient recovered; future

treatment delayed until further
workup
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FIGURE 1. (A) Maximum-intensity projection demonstrates peritoneal
carcinomatosis (arrow) and liver and mediastinal metastases in patient
with progressive metastatic small-bowel NET. (B-D) Axial ®3Ga-DOTATATE
PET (B), attenuation-correction CT (C), and 58Ga-DOTATATE PET/CT (D)
demonstrate uptake in extensive peritoneal metastatic implants (arrows).

of her first treatment with '7’Lu-DOTATATE, she experienced
acute nausea that resolved after administration of intravenous
dexamethasone, 8 mg. She was discharged on a steroid taper but
developed small-bowel obstruction 2 d after completion of steroids.
The obstruction appeared to be related to tethering of bowel to a
mesenteric mass (Fig. 3). She was restarted on steroids, and bowel
function recovered 4 d later. She was able to tolerate her second and
third '77Lu-DOTATATE treatments with prophylactic steroids (oral
dexamethasone, 4 mg daily for 7 d followed by a 2-wk taper). How-
ever, she developed another bowel obstruction 3 wk after her fourth
treatment and underwent exploratory laparotomy, which revealed a
frozen abdomen. She was restarted on high-dose steroids and was
able to resume eating 3 d after surgery. She was discharged on a
prednisone taper and remained free of obstruction for 2 mo. How-
ever, at the time of data collection, she had developed recurrent
small-bowel obstruction and began total parenteral nutrition.

The third patient had progressive peritoneal disease at the time
of 177Lu-DOTATATE initiation, as well as liver and lymph node
metastases (Fig. 4). He developed crampy abdominal pain after

the second treatment and was
prescribed a steroid taper. He
received prophylactic steroids
with his third treatment but
developed bowel obstruction
5 wk after therapy. A CT scan
showed multilevel obstruction
secondary to peritoneal carci-
nomatosis. His bowel function
recovered 3 d after resuming
steroids, and his fourth cycle
of treatment was canceled. Five
months later, in the setting of
increasing postprandial pain
and weight loss, he underwent
exploratory laparotomy with
extensive peritoneal surgical
debulking. Over 50 tumors
were resected, including nu-
merous colon and small-bowel
implants. The surgeon noted a massive desmoplastic reaction due to
peritoneal carcinomatosis. He recovered well from surgery and was
able to resume a normal diet.

The fourth patient had progressive hepatic and peritoneal
disease along with mesenteric and retroperitoneal disease at the
time of treatment onset and complained of intermittent pelvic
pain. She received 2 cycles of !7’Lu-DOTATATE (with prophy-
lactic steroids after each treatment) but discontinued it after de-
veloping increased postprandial abdominal pain and vomiting. A
CT scan 2 mo after the second treatment demonstrated stable
disease with no evidence of bowel obstruction, but with increased
tethering of pelvic bowel to tumor. She developed overt bowel
obstruction a month later, with dilated small bowel and proximal
colon, likely due to pelvic implants, and died 6 mo after her last
PRRT treatment.

The fifth patient had progressive hepatic and mesenteric disease
at the onset of PRRT treatment. He developed transient abdominal
pain and nausea and vomiting 1 wk after his first cycle of PRRT, as
well as developing similar symptoms along with radiographic
evidence of small-bowel obstruction 1 wk after his second cycle.
He was treated with a steroid taper, and his symptoms resolved.
Further treatments were held pending a surgical consult.

FIGURE 3. Coronal contrast-en-
hanced CT of abdomen and pelvis
demonstrates small-bowel obstruc-
tion with dilated loops of bowel teth-
ered to mesenteric lesion (arrow).

DISCUSSION

Our experience with intestinal obstruction among patients with
mesenteric or peritoneal disease after !77Lu-DOTATATE treatment
strongly suggests a cause-and-effect rela-

tionship. Radiation can induce an inflam-
matory response in treated tumors and
exacerbate existing desmoplastic fibrosis,
a process that is particularly prominent in
small-bowel NETs. Intratumoral infiltra-
tion of inflammatory cells is thought to un-
derlie the process of pseudoprogression, a
phenomenon commonly observed in patients
treated with PRRT (/0).The development of

FIGURE 2. Axial 8Ga-DOTATATE PET (A), attenuation-correction CT (B), and $8Ga-DOTATATE
PET/CT (C) demonstrate somatostatin-receptor—-expressive mesenteric (arrows) and peritoneal
(arrowheads) metastases. There is mild tethering of loops of bowel to mesenteric mass in right

lower quadrant (arrows).
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a frozen abdomen caused by adhesions be-
tween bowel and the anterolateral abdominal
wall (observed in 2 of the 5 patients in this
series) strongly suggests an inflammatory
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considered as a treatment option in patients
who experience bowel obstruction within a
short time-frame after !7’Lu-DOTATATE.
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FIGURE 4. Axial %8Ga-DOTATATE PET (A), attenuation-correction CT (B), and 68Ga-DOTATATE PET/
CT (C) demonstrate somatostatin-receptor-expressive peritoneal carcinomatosis (arrows),
including peritoneal lesions along anastomotic suture line (arrowheads).

etiology of obstruction. However, it is also important to note
that all patients who developed obstruction in this series
had increasing mesenteric or peritoneal disease at the time
of treatment initiation and were therefore likely to experience
bowel obstruction as a complication of disease progression.
Two of the 5 patients experienced progressive intermittent
abdominal pain even before initiation of treatment with
177Lu-DOTATATE.

It is important to contextualize our findings within the natural
history of patients with NETs and abdominal carcinomatosis. A
recent analysis of 135 NET patients with peritoneal disease
found that both diffuse peritoneal carcinomatosis and the size of
peritoneal metastases represented significant risk factors for
obstruction, which occurred in 22% of patients during their
course of disease (/7). Moreover, PRRT was associated with a
particularly high risk of abdominal complications such as bowel
obstruction and ascites in patients with diffuse peritoneal car-
cinomatosis while failing to control peritoneal disease in 40%
of cases.

The limited data we accumulated on treatment of post-PRRT
bowel obstruction suggest that corticosteroids can contribute to
the reversal or tapering of the obstructive process. Indeed, the
fact that both patients who developed a frozen abdomen were
able to temporarily regain oral intake supports a role for
steroids in this setting. However, the optimal dose and duration
of steroids are unknown. Nor is it clear whether prophylactic
steroids play any role in the prevention of bowel obstruction
among patients at risk. Ultimately, the benefit of steroids
appeared to be transient in patients with advanced peritoneal
carcinomatosis.

Limitations of this study are its retrospective, nonrandomized
nature, its relatively small population, and the infrequency of the
complication of interest (bowel obstruction). A very large,
randomized study would be required to conclusively establish a
link between '77Lu-DOTATATE treatment and bowel obstruction.
In the absence of such data, a multicenter registry might be helpful
to identify and quantify uncommon risks of treatment such as
obstruction.

CONCLUSION

We observed a temporal relationship between treatment with
177Lu-DOTATATE and bowel obstruction in 5 patients, all of
whom had underlying peritoneal and mesenteric metastases.
Treating physicians and patients should be aware of this poten-
tial complication in high-risk patients. Corticosteroids should be
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KEY POINTS

QUESTION: What is the incidence of bowel obstruction in pa-
tients treated with PRRT?

PERTINENT FINDINGS: A comprehensive records review of pa-
tients treated with 77Lu-DOTATATE at Moffitt Cancer Center was
conducted, with 81 patients identified who were at high risk for bowel
obstruction due to existing mesenteric or peritoneal disease. Five pa-
tients experienced at least 1 episode of bowel obstruction within 3 mo
of treatment. PRRT can lead to bowel obstruction in patients with
mesenteric or peritoneal disease, likely by inducing inflammation.
Corticosteroids can potentially play a role in treatment and prophylaxis.

IMPLICATIONS FOR PATIENT CARE: Treating physicians and
patients should be aware of the potential complication of intestinal
obstruction in high-risk patients, and corticosteroids should be
considered as a treatment option in patients who experience bowel
obstruction within a short time-frame after 177Lu-DOTATATE.
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