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ABSTRACT  

In humans, inhibition of Notch oncogenic signaling leads to tumor regression. Preclinical studies indicate that 

Notch signaling contributes to the maintenance of intestinal homeostasis. Here, we sought to describe the intestinal 

effects of a first-in-human Notch inhibitor in an indication of refractory cancer. Between 2014 and 2017, adult 

patients treated for refractory cancer with the novel Notch inhibitor LY3039478 and who had grade ≥ 2 diarrhea 

were referred to the gastroenterology department of a tertiary hospital in the Paris region of France. Eleven patients 

(median (range) age: 72 (29–83)) were included in the study. All patients had advanced cancer: adenoid cystic 

carcinoma (n=3, 27 %), sarcoma (n=3, 27 %), and other types (n=5, 46 %). In all cases, digestive tract endoscopy 

revealed abundant mucus in the intestinal lumen, and digestive tract biopsies showed an abnormally low proportion 

of enterocytes and marked elevation of the proportion of pseudostratified goblet cells. Microscopic inflammation 

was seen in colon biopsies from 2 of the 11 patients (18 %). The clinical, endoscopic and histological abnormalities 

were dependent on the dose of Notch inhibitor. All patients resolved their digestive signs or symptoms after dis-

continuing the dose and the median (range) time interval between discontinuation of the Notch inhibitor and res-

olution of all the gastrointestinal signs and symptoms was 7 days (4–24). Likewise, the median time interval be-

tween discontinuation and resolution of the histological abnormalities was 7 days (1–10). Blocking Notch signal-

ing induces secretory cell metaplasia of the intestinal epithelium, which in turn leads to transient diarrhea. Our 

results confirm the role of Notch signaling in intestinal homeostasis in humans. 
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INTRODUCTION 

The human intestinal epithelium forms 

villi, each of which comprises three distinct 

compartments. The crypt is located at the bot-

tom of the villus, and the intermediate com-

partment lies between the crypt and the apex 

(the most differentiated part). Progenitor stem 

cells and Paneth cells are prominent in the 

crypt epithelium, whereas the apex contains 

most of the enterocytes and approximately 

10 % of the goblet cells and neuroendocrine 

cells (Potten, 1998; Karam, 1999; de Santa 

Barbara et al., 2003). The stem cells differen-

tiate as they migrate from the crypt to the 

apex. The proportions of absorptive and se-

cretory cells within the villus axis are closely 

regulated, with a balance between prolifera-

tion, apoptosis, differentiation, migration, and 

adhesion. The main molecular pathways in-

volved in these processes are Wnt, BMP, 

PTEN/Akt, Hedgehog, and Notch (Scoville et 

al., 2008).  

Notch signaling pathway is conserved 

through the eukaryotic reign; it regulates the 

differentiation of progenitor cells and/or the 

maintenance of stem cell status. Notch signal-

ing appears to be required for intestinal home-

ostasis (Fortini, 2009; Fre et al., 2011; Vooijs 

et al., 2011). Notch ligands (Jagged 1 and 2 

and Delta-like ligands 1 and 2) are secreted in 

a paracrine fashion by the stromal cells and 

bind to the four isotypes of the Notch recep-

tor. Ligand binding leads to membrane do-

main cleavage by a gamma secretase complex 

and thus the release of an intracellular do-

main. The latter translocates to the nucleus 

and regulates gene expression. 

Alterations in the Notch signaling path-

way (mutations in ligands and/or receptors, or 

the overexpression or impaired translocation 

of these proteins) have been described in sev-

eral malignancies, including lymphoid leuke-

mia, melanoma, glioblastoma, and cancers of 

the breast, ovary, lung, pancreas, colon, head 

and neck, cervix, and kidney (Radtke and Raj, 

2003; Koch and Radtke, 2007; Puente et al., 

2011). The Notch activation pathway might 

also promote an epithelial-to-mesenchymal 

cell transition, cancer progression, and metas-

tasis (Chanrion et al., 2014). Gamma secre-

tase inhibitors are the mainstay of Notch-re-

lated drug therapy (Krop et al., 2012; Lee et 

al., 2015; Messersmith et al., 2015; Massard 

et al., 2016). These newly developed drugs 

are being trialled in hematological cancer 

(Knoechel et al., 2015; Papayannidis et al., 

2015) and solid tumors (Krop et al., 2012; Lee 

et ayl. 2015; Locatelli et al., 2017; Massard et 

al., 2018). The main adverse events associ-

ated with Notch inhibition affect the digestive 

tract; diarrhea occurs in up to 73 % of treated 

patients (Krop et al., 2012; Lee et al., 2015; 

Papayannidis et al., 2015; Massard et al., 

2018; Mir et al., 2018). Hence, a better under-

standing of these intestinal adverse events 

might help to optimize the use and safety of 

notch inhibitors in oncology. 

In humans, the underlying mechanisms 

and the clinical characteristics of the intestinal 

adverse events induced by gamma secretase 

inhibitors have yet to be fully characterized. 

The objectives of the present study were to 

describe, investigate and better understand in-

testinal adverse events in patients treated with 

gamma secretase inhibitors and to explore the 

Notch pathway’s physiological role in intesti-

nal homeostasis. 

 

PATIENTS AND METHODS 

Study design and patient selection 

This was a retrospective, observational 

study of a cohort of consecutive adult patients 

treated with a novel Notch inhibitor 

(LY3039478, Eli Lilly and Company, Indian-

apolis, IN, USA) in phase I clinical trials at 

Gustave Roussy (Villejuif, France) and who 

were referred for drug-induced diarrhea to the 

gastroenterology department at Bicêtre Uni-

versity Hospital (Le Kremlin-Bicêtre, France) 

between October 2014 and October 2017. 

LY3039478 is a novel, potent, gamma secre-

tase inhibitor that is in clinical development 

(Massard et al., 2018; Mir et al., 2018; Even 

et al., 2020). Patients were randomized to in-

creasing oral doses of LY3039478 in three-

times-in-a-week (TIW) regimen or to two-
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week loading dose period and then 50 mg 

TIW (Clinicaltrials.gov: NCT01695005) 

(Massard et al., 2018; Mir et al., 2018; Even 

et al., 2020). Each treatment cycle lasted 28 

days. The Notch inhibitor was discontinued in 

the event of tumor progression or unaccepta-

ble toxicity. Patients referred to the gastroen-

terology department at Bicêtre University 

Hospital underwent a stool culture, a screen 

for Clostridioides difficile toxin, and flexible 

sigmoidoscopy with biopsies as part of rou-

tine care. Differential diagnoses (intestinal in-

fection or tumor-related symptoms) were 

ruled out in order to establish a causal rela-

tionship between diarrhea and exposure to the 

gamma secretase inhibitor. The study was ap-

proved by an independent ethics committee 

(CPP Ile de France VII, Paris, France), and 

referenced in clinicaltrials.gov: 

NCT01695005 and conducted in accordance 

with the tenets of the Declaration of Helsinki 

and its updates. 

 

Data collection 

Clinical, laboratory, endoscopic and his-

tological data were collected retrospectively 

from medical records. The severity of diar-

rhea was assessed according to the Common 

Terminology Criteria for Adverse Events 

(version 4.03). All drugs received within the 

three months before initiation of the gamma 

secretase inhibitor and during the trial were 

recorded. Colonoscopies or flexible sig-

moidoscopies were performed by two gastro-

enterologists (MC or FC). The endoscopy 

findings were rated on a semi-quantitative 

scale: 0 for normal findings, 1 for mild abnor-

malities, 2 for moderate abnormalities, and 3 

for severe abnormalities. All gastrointestinal 

biopsies were centrally reviewed by a single 

pathologist (CM). Tissue sections were 

stained with hematoxylin-eosin-saffron rea-

gent or probed in an immunohistochemical 

assessment for carcinoembryonic antigen 

(CEA) antibody and the mucin MUC2. 

 

Statistical analysis 

Quantitative variables were described as 

the median (range), and qualitative variables 

were described as the number (percentage). 

Correlations were tested with a non-paramet-

ric Spearman test. All statistical analyses 

were conducted with R studio software (ver-

sion 1.1.383). 

 

RESULTS 

Among the 130 patients treated with the 

novel Notch inhibitor LY3039478 at Gustave 

Roussy cancer centre (Massard et al., 2018; 

Mir et al., 2018; Even et al., 2020), 11 were 

referred to the gastroenterology department at 

Bicêtre University Hospital and thus were in-

cluded in the study. The 11 patients had grade 

2 diarrhea (n=4) or grade 3 diarrhea (n=7). 

The participants’ main clinical characteristics 

are summarized in Table 1. The median 

(range) time interval between Notch inhibitor 

initiation and the onset of diarrhea was 24 

days (7–196). None of the patients reported 

abdominal pain on presentation. Patients had 

a median of five liquid stools per day (1-15). 

The patient who received the highest dose of 

Notch inhibitor (100 mg TIW) had the most 

severe diarrhea (15 liquid stools per day) and 

required intravenous fluids. Patients who re-

ceived 75 mg TIW (n=5) had 6 (2–6) liquid 

stools per day. Patients who received 50 mg 

TIW (n=5) had 3 (1–7) liquid stools per day. 

Hence, there was a positive correlation be-

tween the dose received and the number of 

stools (rho=0.79, p=0.006). The median 

(range) time between treatment initiation and 

onset of diarrhea was 24 (7–196) days and this 

variable was not correlated with the dose re-

ceived (rho=-0.35, p=0.29; data not shown). 

 

Endoscopic findings 

All patients underwent sigmoidoscopy or 

colonoscopy (Figure 1). None of the patients 

had ulceration or mucosal bleeding. The pa-

tient who had received 100 mg TIW had 

abundant mucus in the lumen of the colon and 

a thick mucus layer on the mucosa. In the pa-

tients who received 75 mg TIW (n=5), abun-

dant mucus in the lumen was also observed, 

and three also showed erythema and a slight 

loss of the vascular pattern.
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Table 1: Demographic and clinical characteristics of patients investigated for diarrhea related to Notch 
inhibitors 

Characteristics 
 

Demographic variables 
n ( %) 

11 (100) 

Age in years, median (range) 72 (29–83) 

Male/female ratio 4/7 

Type of cancer 
 

Sarcoma  3 (27) 

Adenoid cystic carcinoma of the parotid gland 3 (27) 

Breast cancer 1 (9) 

Prostate cancer 1 (9) 

Neuroendocrine pancreatic tumor 1 (9) 

Cholangiocarcinoma 1 (9) 

Oesophageal adenocarcinoma 1 (9) 

Severity of diarrhea (maximum CTCAE grade)  

Grade 2  4 (36) 

Grade 3 7 (63) 

Grade 4 0 

Regimen for LY3039478 
 

Oral, 100 mg, 3 times a week 1 (9) 

Oral, 75 mg, 3 times a week 5 (45) 

Oral, 50 mg, 3 times a week 5 (45) 

Concomitant drugs 
 

Oral loperamide 4 (36) 

Oral or IV antibiotics 3 (27) 

Oral opiate derivatives other than loperamide 3 (27) 

Oral proton pump inhibitors 3 (27) 

Oral serotonin reuptake inhibitors  2 (18) 

Timing of diarrhea  

Time interval between treatment initiation and diarrhea in days,  
median (range) 

24 (7–196) 

Time interval between resolution of diarrhea in days, median (range) 7 (4–24) 

CTCAE: Common Terminology Criteria for Adverse Events 
 
 

In the patients who had received 50 mg 

TIW (n=5), mucus in the lumen was either ab-

sent (n=2), slightly visible (n=2) or moder-

ately visible (n=1). Mild inflammation (ery-

thema and loss of the vascular pattern) was 

observed in the rectum of one patient. The pa-

tient having received 100 mg TIW and the 5 

patients having received 75 mg TIW had 

abundant mucus in the lumen (grade 3 – se-

vere), whereas patients who had received 50 

mg TIW had either no visible mucus (n= 2), 

slightly visible mucus (n=2), or moderately 

visible mucus (n=1). 

 

Histological findings 

Endoscopic biopsies of the colon revealed 

hypercrinia in all the patients. This was char-

acterized by an abnormally low proportion of 

enterocytes and an abnormally high propor-

tion of pseudostratified goblet cells. In pa-

tients who had received 100 mg or 75 mg 

TIW, all the enterocytes had been replaced by 

pseudostratified goblet cells (Figure 1C and 

1D). In patients who had received 50 mg 

TIW, the hypercrinia was less marked. 

Two patients had evidence of microscopic 

inflammation of the colonic mucosa, includ-

ing a few cryptic abscesses and mild neutro-

phil infiltration. One patient had an elevated 

intraepithelial lymphocyte count (>50 CD3+ 

T cells per 100 enterocytes). 
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Figure 1: Endoscopic findings (A) and histological findings (B) in a 70-year-old female patient having 
developed diarrhea following the initiation of treatment with the Notch inhibitor LY3039478 (75 mg TIW). 
The patient was being treated for metastatic breast cancer. Figures 1A and B show the sigmoid colon 
during an endoscopy. The lumen of the colon is filled with mucus (white arrows). In Figure 1A (but not 
Figure 1B), one can see slight erythema/loss of a vascular pattern underneath the mucus (black arrows). 
Figures 1C and 1D show endoscopic colon biopsies (stained with hematoxylin-eosin-saffron) from the 
patient in Figures 1A and 1B (magnification: x400 in 1C and x200 in 1D). Both Figures 1C and 1D show 
the total replacement of enterocytes by goblet cells (arrow), in the absence of changes in architecture 
or inflammation. 

 

 

 

Outcomes 

All patients resolved their digestive signs 

or symptoms after discontinuing the dose and 

the median (range) time interval between dis-

continuation of the Notch inhibitor and reso-

lution of all the gastrointestinal signs and 

symptoms was 7 days (4–24). The patient 

who received 100 mg TIW had diarrhea for 8 

days. The 5 patients who received 75 mg TIW 

had diarrhea for 8 days (5–24), and patients 

who received 50 mg TIW had diarrhea for 5 

(4–9) days. There was no correlation between 

the dose received and duration of diarrhea 

(Spearman’s p=0.1, rho = 0.5). The diarrhea 

in the patient with an elevated intraepithelial 

lymphocyte count resolved after four days. 

Flexible sigmoidoscopy was performed in 

four patients at a median of 7 (1-10) days after 

resolution of diarrhea; the findings were nor-

mal in all of cases. Biopsies showed a normal 

brush border, normal enterocytes but persis-

tent, partial hyperplasia of the goblet cells. 
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One patient with a locally advanced uter-

ine leiomyosarcoma died of tumor progres-

sion. Among the six patients who had re-

ceived 100 mg or 75 mg TIW, four resumed 

treatment with LY3039478 at a dose of 50 mg 

TIW. Three of the six did not have diarrhea 

thereafter. One of the three patients with re-

newed diarrhea discontinued the study. Three 

patients received corticosteroids with a view 

to treating diarrhea but there were no obvious 

beneficial or harmful effects. 

 

DISCUSSION 

The present study is the first to have de-

scribed the intestinal adverse events associ-

ated with Notch inhibition in humans. The 

clinical/pathological picture was remarkably 

homogeneous and was specific for this class 

of drugs. The main adverse event was diar-

rhea related to hypercrinia, with a dose-de-

pendent decrease in the proportion of entero-

cytes and marked hyperplasia of goblet cells. 

Diarrhea and goblet cell metaplasia resolved 

seven days after treatment discontinuation, 

which is consistent with the intestinal epithe-

lium’s turnover time. In murine models, 

Notch inhibitors induce goblet cell hyper-

plasia and the accumulation of mucins in the 

lumen; full recovery is observed after 5 days 

(Milano et al., 2004; Wong et al., 2004; van 

Es et al., 2005). Our observations are in line 

with these data and emphasize the role of 

Notch signaling in human intestinal homeo-

stasis. 

The mucus layer is an essential compo-

nent of the intestine’s mucosal barrier. It is 

primarily composed of glycoproteins (such as 

MUC2) that prevent pathogens from access-

ing the epithelium. Ulcerative colitis is asso-

ciated with goblet cell depletion, thinning of 

the mucus layer, and MUC2 glycosylation de-

fects; these may lead to intestinal inflamma-

tion (Van der Sluis et al., 2006; Shan et al., 

2013; Johansson et al., 2014). In patients with 

ulcerative colitis, Notch signaling is activated 

in the colonic crypts (Okamoto et al., 2009). 

Correction of this activation might be benefi-

cial in the treatment of ulcerative colitis. 

However, Notch’s functions are complex 

(Noah and Shroyer 2013). Notch signaling in-

duces M cell differentiation (Hsieh and Lo 

2012) and promotes barrier function by lam-

ina propria lymphocytes (Dahan et al., 2011). 

Moreover, there is evidence to show that 

blocking Notch signaling aggravates Citro-

bacter rodentium-induced and dextran-sul-

phate-sodium-induced colitis in mouse mod-

els (Okamoto et al., 2009; Ahmed et al., 2012; 

Mathern et al., 2014). Although Notch path-

way inhibition downregulated the expression 

of pro-inflammatory cytokines, it also dimin-

ishes IL-10 secretion and impairs T-reg lym-

phocyte function. Recent research has shown 

that blocking the Notch pathway can disrupt 

the crypt’s stem cell compartment and thus 

leads to dysbiosis and inflammation in a C. 

rodentium rodent model (Ahmed et al., 2018). 

Furthermore, gamma secretase inhibitors ex-

acerbate experimental colitis, due to loss of 

the regenerative response within the epithe-

lium. Further studies are needed to investigate 

the potential therapeutic value of gamma 

secretase inhibitors in intestinal inflammation 

(Okamoto et al., 2009).  

Notch inhibitors have shown antitumor 

activity in phase 1 and 2 trials in patients with 

relapsed or refractory hematological malig-

nancies or solid tumors. Intestinal adverse 

events are frequent and appear to be a class 

effect with gamma secretase inhibitor and is 

consistent with the inhibition of Notch signal-

ing. We showed that these intestinal adverse 

events are dose-dependent and recedes rap-

idly after treatment cessation. 

 

CONCLUSION 

Gamma secretase inhibitors dose-de-

pendently induce diarrhea, hypercrinia and 

secretory cell metaplasia, as characterized by 

an abnormally low proportion of enterocytes 

and marked hyperplasia of goblet cells. All 

these changes had reversed one week after 

treatment cessation. Our findings confirm the 

Notch pathway’s role in intestinal homeosta-

sis. 
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