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INTRODUCTION: Patients with ulcerative colitis (UC) receiving immunosuppressive drugs are at substantial risk of

colectomy. We aimed to assess the risk of postoperative complications of tofacitinib exposure before

colectomy in comparison with biologics.

METHODS: Amulticenter, retrospective, observational study was conducted in patients withUCwho underwent total

colectomy for medically refractory disease, exposed to tofacitinib or a biologic before surgery. Primary

outcome was the occurrence of any complication within 30 (early) and 90 (late) days after surgery.

Secondary outcomes were the occurrence of infections, sepsis, surgical site complications, venous

thromboembolic events (VTE), hospital readmissions, and redo surgery within the same timepoints.
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RESULTS: Three hundred one patients (64 tofacitinib, 162 anti-tumor necrosis factor-a agents, 54 vedolizumab,

and 21 ustekinumab) were included. No significant differences were reported in any outcome, except

for a higher rate of early VTE with anti-tumor necrosis factor-a agents (P5 0.047) and of late VTE with

vedolizumab (P50.03). In themultivariate analysis, drug class was not associated with a higher risk of

any early and late complications.Urgent colectomy increased the risk of any early (odds ratio [OR] 1.92,

95% confidence interval [CI] 1.06–3.48) complications, early hospital readmission (OR 4.79, 95%CI

1.12–20.58), and early redo surgery (OR7.49, 95%CI 1.17–47.85). A high steroid dose increased the

risk of any early complications (OR 1.96, 95% CI 1.08–3.57), early surgical site complications (OR

2.03, 95% CI 1.01–4.09), and early redo surgery (OR 7.52, 95% CI 1.42–39.82). Laparoscopic

surgery decreased the risk of any early complications (OR 0.54, 95% CI 0.29–1.00), early infections

(OR 0.39, 95% CI 0.18–0.85), and late hospital readmissions (OR 0.34, 95% CI 0.12–1.00).

DISCUSSION: Preoperative tofacitinib treatment demonstrated a postoperative safety profile comparable with

biologics in patients with UC undergoing colectomy.

KEYWORDS: colectomy; postoperative safety; tofacitinib; ulcerative colitis

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/D177.

Am J Gastroenterol 2024;00:1–11. https://doi.org/10.14309/ajg.0000000000002676

BACKGROUND
Ulcerative colitis (UC) is a chronic inflammatory bowel disease
(IBD), characterized by relapsing and remitting mucosal in-
flammation, usually starting in the rectum and extending to the
proximal segments of the colon (1). Despite the increasing
number of available medical options for the treatment of UC (2),
the risk of undergoing proctocolectomy has only slightly de-
creased over the years (3) with up to 15% of patients with UC still
requiring surgery during their lifetime (1).

Tofacitinib is the first oral Janus kinase (JAK) inhibitor small
molecule approved for the treatment of moderate-to-severe UC

(4). Tofacitinib blocks several cytokine cascades by inhibiting the
tyrosine kinases of the JAK/signal transducer and activator of
transcription pathway (5). Previous studies on rheumatoid ar-
thritis raised safety concerns regarding increased episodes of
venous thromboembolic events (VTE) and major cardiovascular
events (6), leading the American and European medical agencies
to suggest caution in the use of JAK inhibitors in chronic in-
flammatory disorders (7,8). However, recent meta-analyses in
patients with IBD have not confirmed this additional risk, par-
ticularly when tofacitinib was compared with other biologics and
smallmolecules (9,10). In the surgical setting, tofacitinib has been

Dragoni G et al. Am J Gastroenterol. 2023. doi:10.14309/ajg.0000000000002676 
CI = confidence interval; NS = non-significant; OR = odds ratio; TNF = tumor necrosis factor-α; TOFA = tofacitinib;  
UC = ulcerative colitis; VDZ= vedolizumab; UST = ustekinumab 

Safety of pre-operative tofacitinib in ulcerative colitis 

Patients with UC often 
undergo colectomy while 

taking immunosuppressive 
medications 

301 patients included from 27 centers: 
- 64 TOFA within 4 weeks before surgery 

- 162 anti-TNFs, 54 VDZ, 21 UST within 12 
weeks before surgery 

Early (30-days) complications: 
Urgent surgery: OR 1.92 (95%CI 1.06-3.48) 
Laparoscopy: OR 0.54 (95%CI 0.29-1.00) 
High steroid doses: OR 1.96 (95%CI 1.08-3.57) 
TOFA vs anti-TNF vs VDZ vs UST: NS 

Tofacitinib = biologics 
in terms of post-

operative 
complications 
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marginally investigated regarding the safety of preoperative ad-
ministration and the potential need for a washout period before
surgery. Total colectomy is often required while patients with UC
are still receiving immunosuppressive drugs, and it might be
controversial to define the safe timing of surgery based on the last
administration of these medications.

To date, only one small retrospective study on 53 patients with
UC undergoing colectomy has assessed the postoperative out-
comes of patients treated with tofacitinib in the preoperative
phase. This study reported an overall surgical infective compli-
cation rate comparable with biologics (11%), with a possible in-
creased risk of postoperative VTE (13%) (11). Because robust
evidence is lacking, we developed a multicenter study aiming to
assess the risk of complications of tofacitinib exposure before
colectomy in comparison with anti–tumor necrosis factor-a
(TNF) agents, vedolizumab, and ustekinumab, in patients with
medically refractory UC.

METHODS
Study design

A multicenter, retrospective, observational study was conducted
in 27 centers across Europe. The study was approved by the
Ethical Committee of the coordinating center (CareggiUniversity
Hospital, Florence, Italy) on November 8, 2022 (Ref CEAVC-
22824). The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki. Every participating center in-
dependently uploaded patient data in specific electronic case re-
port forms using Research Electronic Data Capture platform (12)
hosted at the University of Florence (Florence, Italy).

Patients with active UC and ongoing medication referred to a
total colectomy because of medically refractory disease between
September 2005 andFebruary 2023were included in the study.The
following groups of immunosuppressive drugs were considered as
active treatment: tofacitinib, anti-TNFs (infliximab, adalimumab,
and golimumab), vedolizumab, and ustekinumab. Inclusion cri-
teria were the following: established diagnosis of UC at the time of
inclusion; medically refractory UC as reason for surgery; admin-
istration of the last dose of tofacitinib within 4 weeks of colectomy;
or administration of the last dose of biologics within 12 weeks
before colectomy. The intervals between the last administration of
drugs and surgery have been derived from the existent literature in
the field (11,13) to allow for comparisons and future data pooling.
Exclusion criteria included age ,18 years; inability to provide
written informed consent; diagnosis of indeterminate colitis;
colectomy performed for intestinal cancer; concomitant use of
more thanonebiologic or combinationwith immunosuppressants;
use of more than 1 immunomodulator within 12 weeks before
colectomy; and inability to document the first 90 days of post-
surgical follow-up. Patients were then divided in 4 groups based on
the medication administered in the preoperative phase, with all
anti-TNF treatment considered in the same group.

Demographic and clinical covariates that were considered in
the analyses were the following: sex; age at diagnosis; age at sur-
gery; disease duration at surgery; drug exposure; history of im-
munosuppressive drugs (experienced vs naive to biologics);
history of acute severe ulcerative colitis; disease extension at
surgery (Montreal classification (14)); active smoking; Charlson
Comorbidity Index (15); diabetes mellitus; peripheral vascular
disease; body mass index at surgery (kg/m2); concomitant treat-
mentwith corticosteroids (yes/no, and if yes,or. 20pmg/d oral
prednisone equivalent for the 4 weeks before surgery); use of

prophylactic antibiotics in the week after surgery (yes/no); use of
prophylactic low-molecular-weight heparin (LMWH) in the
week after surgery (yes/no); type of surgery (elective vs urgent;
laparotomy vs laparoscopy; colectomy 1 ileostomy vs procto-
colectomy 1 ileal pouch-anal anastomosis [IPAA] 1 ileostomy
vs one-stage proctocolectomy 1 IPAA). Data regarding clinical
activity (with partial Mayo score (16)), endoscopic activity (with
Mayo endoscopic subscore (17)), and laboratory results (hemo-
globin [g/dL], leukocytes [3109/L], platelets [3109/L], albumin
[g/dL], and C-reactive protein [mg/dL] within 2 weeks before
surgery) were also collected. A shorter time interval between the
last administration of drug and surgery (7 days for tofacitinib and
8 weeks for biologics) was also considered as a covariate.

Outcomes

The primary outcome of the study was the occurrence of any
postoperative complications within 30 days (defined as “early”)
and 90 days (defined as “late”) after surgery between patients with
exposure to tofacitinib and patients with exposure to one of the 3
groups of biologics, i.e., anti-TNFs, vedolizumab, or ustekinu-
mab. The secondary outcomes of the studywere the occurrence of
infections (urinary-tract infections, pneumonia, bacteremia, or
other general infections), sepsis, surgical site complications
(SSC), VTE, unplanned hospital readmissions, redo surgery, and
death within the same predefined timepoints.

Sepsis was defined following the criteria of the Sepsis-3 con-
sensus (18). SSC included superficial surgical site infection (SSI),
suture line leak, delayed wound healing, abdominal or pelvic
abscess, anastomotic (or rectal stump) leak, and obstruction at the
site of anastomosis.

Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges (IQR) or mean values and SDs when appropriate.
Categorical variables were presented as percentages. After nor-
mality was assessed, homogeneity between the study groups and
univariate analysis for 30- and 90-day outcomes was tested with
thex2 test for categorical variables, whereas independent-samples
t test or Kruskal–Wallis test andMann–WhitneyU test were used
for normally or non-normally distributed continuous variables,
respectively. A 2-sided P value, 0.05 was considered significant.
Relevant variables (P, 0.1 at univariate analysis) were analyzed
with a multivariable model by using binary logistic regression to
minimize the effect of potential confounding factors, wherever
feasible considering the number of events per outcome. The
reference drug in the multivariable model was tofacitinib. Odds
ratios (OR) were expressed with a 95% confidence interval (CI).
Because most variables presented less than 10% of missing data,
multiple imputation approach was considered unnecessary.
Variables with more than 10% of missing data (i.e., clinical and
endoscopic disease activity) were not included in the multivari-
able model. All statistical analyses were performed with SPSS
Statistics version 25.0 (IBM, Armonk, NY).

RESULTS
Medical records of 327 patients were reviewed, of which 301
included in the final analysis after excluding 26 patients who
stopped the study drug before colectomy earlier than allowed.
Among the total population, 64 (21.3%) patients were in the
tofacitinib group, whereas 237 were on biologics: 162 (53.8%),
54 (17.9%), and 21 (7.0%) in the anti-TNF, vedolizumab, and
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Table 1. Demographics and baseline characteristics of patients

All

(n 5 301)

Tofacitinib

(n 5 64)

Anti-TNF

(n5 162)

Vedolizumab

(n 5 54)

Ustekinumab

(n 5 21) P

Females, n (%) 123 (40.9) 31 (48.4) 64 (39.5) 22 (40.7) 6 (38.6) 0.40

Age at diagnosis, yr; median (IQR) 30.3 (21.5–46.0) 27.1 (20.1–37.3) 31.5 (22.1–46.7) 35.9 (21.3–56.9) 36.8 (22.6–47.7) 0.15

Age at surgery, yr; median (IQR) 38.7 (28.3–54.1) 34.8 (28.9–47.0) 38.5 (28.6–53.7) 49.5 (27.6–65.1) 46.9 (33.2–65.1) 0.09

Disease duration at surgery, yr;

median (IQR)

5.1 (2.2–10.3) 6.1 (2.7–9.8) 4.1 (2.0–9.1) 7.6 (2.5–13.0) 7.1 (2.4–11.9) 0.02

Disease extension, n (%) 0.86

E1 6 (2.0) 2 (3.1) 3 (1.9) 1 (1.9) 0 (0.0)

E2 74 (24.6) 16 (25.0) 39 (24.1) 12 (22.2) 7 (33.3)

E3 221 (73.4) 46 (71.9) 120 (74.1) 41 (75.9) 14 (66.7)

Drug exposure, mo; median (IQR) 4.3 (1.5–11.1) 3.1 (1.7–7.3) 4.3 (1.3–11.0) 8.9 (3.0–19.1) 2.1 (1.4–9.2) ,0.01

Previous episode of ASUC, n (%) 201 (66.8) 41 (64.1) 112 (69.1) 36 (66.7) 12 (57.1) 0.94

Urgent surgery, n (%) 98 (32.6) 17 (26.6) 65 (40.1) 13 (24.1) 3 (14.3) 0.02

Laparoscopic surgery, n (%) 234 (77.7) 56 (87.5) 119 (73.5) 41 (75.9) 18 (85.7) 0.11

Total colectomy and ileostomy 173 (57.5) 38 (59.4) 93 (57.4) 33 (61.1) 9 (42.9) 0.78

Proctocolectomy 1 IPAA and

ileostomy

120 (39.9) 24 (37.5) 66 (40.7) 19 (35.2) 11 (52.4)

One-stage proctocolectomy 1

IPAA

8 (2.7) 2 (3.1) 3 (1.9) 2 (3.7) 1 (4.8)

Steroids . 20 mg use, n (%) 86 (28.6) 11 (17.2) 56 (34.6) 17 (31.5) 2 (9.5) 0.01

Previous use of biologics, n (%) ,0.01

Naive 118 (39.2) 0 (0.0) 106 (65.4) 10 (18.5) 2 (9.5)

1 biologic 72 (23.9) 7 (10.9) 32 (19.8) 30 (55.6) 3 (14.3)

2 biologics 58 (19.3) 24 (37.5) 17 (10.5) 12 (22.2) 5 (23.8)

$3 biologics 53 (17.6) 33 (51.6) 7 (4.3) 2 (3.7) 11 (52.4)

Antibiotics prophylaxis, n (%) 154 (51.3) 32 (50.0) 82 (50.6) 29 (53.7) 11 (52.4) 0.98

LMWH prophylaxis, n (%) 183 (60.8) 40 (62.5) 101 (62.3) 29 (53.7) 13 (61.9) 0.70

Active smokers, n (%) 19 (6.3) 4 (6.3) 8 (4.9) 3 (5.6) 4 (19.0) 0.10

Diabetes mellitus, n (%) 21 (7.0) 5 (7.8) 6 (3.7) 6 (11.1) 4 (19.0) 0.03

Peripheral vascular disease, n (%) 4 (1.3) 0 (0.0) 2 (1.2) 0 (0.0) 2 (9.5) ,0.01

Charlson Comorbidity Index,

median (IQR)

0 (0–2.0) 0.0 (0–0) 0.0 (0.0–1.0) 1.0 (0.0–3.0) 2.0 (0.0–3.5) ,0.01

Body mass index (n5 260),

median (IQR)

21.6 (19.0–24.7) 22.0 (19.0–25.4) 21.1 (19.0–24.0) 21.7 (19.0–24.2) 23.0 (20.1–25.0) 0.53

Clinical activity (n5 276)

Mild activity (PMS 2–4), n (%) 25 (9.1) 6 (9.8) 5 (3.3) 5 (10.4) 2 (11.8) ,0.01

Moderate activity (5–7), n (%) 114 (41.3) 26 (42.6) 66 (44.0) 22 (45.8) 7 (41.2)

Severe activity (PMS. 7), n (%) 137 (49.6) 29 (47.5) 79 (52.7) 21 (43.8) 8 (47.1)

Endoscopic findings (n5 256)

Mayo endoscopic subscore 2,

n (%)

32 (12.5) 9 (17.3) 16 (11.5) 5 (10.9) 2 (10.5) 0.70

Mayo endoscopic subscore 3,

n (%)

224 (87.5) 43 (82.7) 123 (88.5) 41 (89.1) 17 (89.5)

Laboratory results

Hemoglobin (n5 283), g/dL;

median (IQR)

10.9 (9.7–12.0) 11.1 (10.0–12.4) 10.4 (9.2–11.5) 11.5 (10.1–12.7) 11.7 (10.4–13.3) ,0.01
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ustekinumab groups, respectively. Administration of the last dose
of tofacitinib occurred at a median time of 13 days (IQR 4–20)
before surgery, whereas last dose of anti-TNF, vedolizumab, and
ustekinumabwas administered at amedian of 21 (IQR 14–38), 34
(IQR 18–50), and 27 (IQR 16–31) days before surgery, re-
spectively. In total, 236 patients (78.4%) had their last drug dose
within a shorter time before surgery: 22 (34.4%) tofacitinib within
7 days, with 148 (91.4%) anti-TNF, 46 (85.2%) vedolizumab, and
20 (95.2%) ustekinumab within 8 weeks. Baseline and de-
mographic characteristics of the cohort are reported in Table 1. A
higher percentage of patients in the anti-TNF group underwent
urgent surgery compared with the other 3 groups. Median age at
surgery was higher in the vedolizumab and ustekinumab groups
than in the anti-TNF and tofacitinib groups, with a highermedian
Charlson Comorbidity Index in vedolizumab and ustekinumab
groups because of an increased prevalence of comorbidities.
Clinical and endoscopic activity was available for 276 (91.7%) and
256 (85.0%) patients, respectively, with homogeneous charac-
teristics across groups (Table 1). No patients died during the 90-
day observation period after surgery.

In total, 90 (29.9%) patients had at least one early complication,
whereas 26 (8.5%) had at least one late complication between 30 and
90 days after surgery. Early complications were reported as follow:
40 (13.3%) infections, 17 (5.6%) sepsis, 53 (17.6%) SSC, 9 (3.0%)
VTE, 26 (8.6%) hospital readmission, and 20 (6.6%) redo surgery.
Among the 40 early infections, 16 were urinary tract infections, 7
pneumonia, 6 bacteremia, and 11 other general infections, including
one case of documented SARS-CoV-2 infection without pneumo-
nia. Among the early SSC, 12 patients had a superficial SSI, 13 a
suture line leak, 4 a delayed wound healing, 11 an abdominal or
pelvic abscess, 9 an anastomotic leak, and 4 an obstruction at the site
of anastomosis. As late complications, 5 (1.7%) infections, 1 (0.3%)
sepsis, 11 (3.6%) SSC, 2 (0.7%) VTE, 17 (5.6%) hospital read-
missions, and 4 (1.3%) redo surgeries were reported. Among late
infections, 1 patient had a urinary tract infection, 1 had a pneu-
monia, and 3 had other unspecified infections. Regarding late SSC, 2
patients had a superficial SSI, 2 had a suture line leak, 4 had adelayed
wound healing, and one event each occurred for abdominal abscess,
anastomotic leak, and obstruction at the site of anastomosis.

Detailed information regarding the outcomes is reported in
Tables 2–4 and Table 5. There were no statistically significant
differences in the occurrence of any early (P5 0.07) and late (P5
0.67) complications between the 4 groups of drugs. Among the

secondary outcomes, there were no differences between the 4
groups in terms of early (P5 0.31) and late (P5 0.50) infections,
early (P 5 0.10) and late (P 5 0.29) sepsis, early (P 5 0.40) and
late (P5 0.19) SSC, early (P5 0.82) and late (P5 0.70) hospital
readmissions, and early (P 5 0.43) and late (P 5 0.46) redo
surgeries. All 9 early VTE occurred in the anti-TNF group (P 5
0.047), whereas the 2 lateVTEoccurred in the vedolizumab group
(P 5 0.03). Notably, 5 of 9 early VTE occurred in patients on
prophylactic LMWH, whereas none of the 2 patients with late
VTE was administered LMWH. However, VTE were generally
rare, and no events were recorded in the tofacitinib group.
Consistent results were found after restricting for both shorter
exposure windows and year of surgery (see Supplementary Tables
S1–S3, http://links.lww.com/AJG/D177).

In the multivariate model, urgent colectomy provided a higher
risk of any early (OR 1.92, 95% CI 1.06–3.48, P 5 0.03) compli-
cations. However, a subanalysis of separate complications showed
that urgent colectomy increased only the risk of early hospital
readmissions (OR 4.79, 95% CI 1.12–20.58, P 5 0.04), and early
redo surgery (OR 7.49, 95% CI 1.17–47.85, P 5 0.03), with no
influence of the other covariates included in the model on late
complications. A steroid dose higher than the equivalent of 20 mg
of oral prednisone increased the risk of any early complications
(OR 1.96, 95%CI 1.08–3.57,P5 0.03), early SSC (OR 2.03, 95%CI
1.01–4.09, P 5 0.048), and early redo surgery (OR 7.52, 95% CI
1.42–39.82, P 5 0.02). Active smoking at surgery was an in-
dependent risk factor for developing at least one late complication
(OR 4.67, 95% CI 1.48–14.77, P , 0.01). Regarding the type of
surgery, laparoscopy resulted protective for any early complication
(OR 0.54, 95% CI 0.29–1.00, P5 0.05), early infections (OR 0.39,
95%CI 0.18–0.85,P5 0.02), and late readmissions to hospital (OR
0.34, 95% CI 0.12–1.00, P 5 0.05), whereas immediate IPAA in-
creased the risk of early redo of surgery (OR 26.28, 95% CI 3.13-
220-95, P , 0.01 for proctocolectomy 1 IPAA1 ileostomy, and
OR 81.70, 95% CI 1.22–5,463.98, P 5 0.04 for one-stage procto-
colectomy1 IPAA, against total colectomy1 ileostomy as refer-
ence category). Finally, a higher body mass index reduced the risk
of early rehospitalization (OR 0.76, 95% CI 0.61–0.96, P 5 0.02).
Most importantly, the class of drug did not influence the risk of any
early or late complications in the multivariate analysis, except for
anti-TNF resulting protective for early readmission to hospital,
althoughwith similar ratesbetweengroupsandvery fewevents (see
Supplementary Tables S4–S9, http://links.lww.com/AJG/D177).

Table 1. (continued)

All

(n5 301)

Tofacitinib

(n5 64)

Anti-TNF

(n5 162)

Vedolizumab

(n 5 54)

Ustekinumab

(n5 21) P

Leukocytes (n5 273),3109/L;

median (IQR)

9.6 (7.5–12.2) 10.1 (7.4–13.4) 9.8 (7.8–12.4) 8.4 (7.3–11.6) 9.0 (6.2–11.2) 0.06

Platelets (n5 273), 3109/L;

median (IQR)

364.0 (289.0–465.0) 400 (330.0–503.0) 364.0 (307.0–464.0) 345.0 (266.0–419.0) 300.0 (253.0–414.0) 0.04

Albumin (n5 193), g/dL;

median (IQR)

3.5 (2.9–3.9) 3.7 (3.4–4.1) 3.2 (2.7–3.7) 3.6 (3.2–4.1) 3.5 (3.2–3.9) ,0.01

C-reactive protein (n5 269),

mg/dL; median (IQR)

2.1 (0.7–5.4) 2.66 (0.7–5.1) 2.2 (0.8–6.2) 1.5 (0.6–3.3) 1.9 (0.4–4.6) 0.19

Significant P values are reported in bold.
ASUC, acute severe ulcerative colitis; IPAA, ileal pouch-anal anastomosis; IQR, interquartile range; LMWH, low-molecular-weight heparin; PMS, partial Mayo score; TNF,
tumor necrosis factor-a.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY
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DISCUSSION
The impact of preoperative exposure to biologics on post-
operative complications has been widely investigated in the lit-
erature. Despite initial controversies, it is now accepted that the
occurrence of postoperative complications is more commonly
related to the severity of IBD per se and the surgical circumstances
rather than the use (and the type) of biologics (19). Accordingly,
the PUCCINI study reported a similar early infection rate (within
30 days of surgery) in a cohort of 947 patients with IBD either
treated with infliximab or unexposed to infliximab before surgery
(18% vs 20%, P5 0.47) (13). In our study, the occurrence of early
infectious complications in the anti-TNF group was similar to
that of the PUCCINI study (22.8%, when combining infections
and sepsis).

To date, little is known about the safety of tofacitinib in the
surgical setting of total colectomy in patients with UC, although

data of clinical trials in UC have showed similar concerns to
traditional biologics and few additional red flags (4). Neverthe-
less, only one retrospective study on 53 patients with UC has
analyzed the postcolectomy outcomes of tofacitinib exposure
(11). The conclusion of this study was that tofacitinib might be
generally safe, carrying an overall postsurgical infectious com-
plication risk of 11%. However, concerns regarding an increased
risk of postoperative VTE were raised, with 13% prevalence of
these events at 90 days (11). However, the small sample size and
the absence of comparison with other preoperative target thera-
pies represented the 2 major weaknesses of this study, together
with the exposure tomultiple immunosuppressive drugs in the 12
weeks before surgery in 26% of patients (11). In our cohort, no
significant differences between tofacitinib, anti-TNF, vedolizu-
mab, and ustekinumab were found in terms of any early and late
complications, early and late infections, and early and late sepsis.

Table 2. Primary outcomes: early complications

Covariates

Yes

n 5 90

No

n 5 211 Univariate

Multivariate

OR 95% CI P

Females, n (%) 31 (34.4) 92 (43.6) 0.14

Disease extension

E11 E2, n (%)

E3, n (%)

24 (26.6) 56 (26.5) 0.76
66 (75.5) 155 (73.5)

Age at surgery, yr; median (IQR) 40.8 (28.0–59.3) 38.5 (28.3–52.7) 0.21

Disease duration at surgery, yr; median (IQR) 3.5 (2.0–9.3) 5.48 (2.4–10.9) 0.05 0.99 0.95 1.04 0.72

Short drug-to-surgery intervala, n (%) 75 (83.3) 161 (76.3) 0.18

Drug exposure, mo; median (IQR) 3.3 (1.5–12.5) 4.7 (1.7–10.6) 0.31

Experienced to biologics, n (%) 47 (52.2) 136 (64.5) 0.05 1.04 0.52 2.08 0.91

Urgent surgery, n (%) 45 (50.0) 53 (25.1) ,0.01 1.92 1.06 3.48 0.03

Laparoscopic surgery, n (%) 60 (66.7) 174 (82.5) ,0.01 0.54 0.29 1.00 0.05

Total colectomy and ileostomy, n (%)

Proctocolectomy1 IPAA and ileostomy, n (%)

One-stage proctocolectomy 1 IPAA, n (%)

54 (60.0) 119 (56.4) 0.56
35 (38.9) 85 (40.3)
1 (1.1) 7 (3.3)

Steroids . 20-mg use, n (%) 40 (44.4) 46 (21.8) ,0.01 1.96 1.08 3.57 0.03

Antibiotics prophylaxis, n (%) 55 (61.1) 99 (46.9) 0.02 1.37 0.78 2.39 0.27

LMWH prophylaxis, n (%) 57 (63.3) 126 (59.7) 0.56

Active smokers, n (%) 9 (10.0) 10 (4.7) 0.09 2.31 0.79 6.73 0.13

Diabetes mellitus, n (%) 7 (7.8) 14 (6.6) 0.72

Peripheral vascular disease, n (%) 1 (1.1) 3 (1.4) 0.83

Charlson Comorbidity Index, median (IQR) 0.0 (0.0–2.0) 0.0 (0.0–1.0) 0.16

Body mass index (n5 260), median (IQR) 21.0 (18.6–23.7) 21.7 (19.3–24.9) 0.18

Albumin (n5 193), g/dL; median (IQR) 3.3 (2.8–3.9) 3.5 (2.9–3.9) 0.13

C-reactive protein (n 5 269), mg/dL; median

(IQR)

2.2 (1.0–6.1) 2.0 (0.7–4.8) 0.34

Tofacitinib, n (%)

Anti-TNF, n (%)

Vedolizumab, n (%)

Ustekinumab, n (%)

17 (18.9) 47 (22.3) 0.07 Reference
57 (63.3) 105 (49.8) 1.16 0.52 2.62 0.72
14 (15.6) 40 (19.0) 0.83 0.34 2.01 0.67
2 (2.2) 19 (9.0) 0.27 0.05 1.39 0.12

Significant P values are reported in bold.
CI, confidence interval; IPAA, ileal pouch-anal anastomosis; IQR, interquartile range; LMWH, low-molecular-weight heparin; OR, odds ratio; TNF, tumor necrosis factor-a.
aPatients who had their last drug dose within a shorter time before surgery (i.e., tofacitinib # 7 days; biologics # 8 weeks).
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Regarding non–anti-TNF biologics, the infection rate for
vedolizumab and ustekinumab that was observed in our cohort is
comparable with that reported in other recent studies (20–22).
Taken together, these data are in line with the reported similar
safety profile of tofacitinib compared with biologics in patients
with UC (23).

The occurrence of SSC (including anastomotic leaks, SSI, and
internal abscess at the site of anastomosis) was of particular in-
terest in our study because it can significantly increase patient
morbidity and postpone hospital discharge (24). No differences
were reported in the rate of SSC, hospital readmissions, and redo
surgery at both timepointswhen comparing the exposurewith the
4 different groups of immunosuppressive drugs. Because of the
black box warning coming from the licensing authorities, par-
ticular attentionwas also given to the rate of VTE after colectomy.
Surprisingly, significantly higher rates of early VTE in the anti-

TNF group and of late VTE in the vedolizumab group were
shown, whereas no VTE were reported for the 64 patients in the
tofacitinib group. More particularly, all 9 early VTE were in the
anti-TNF group, and all 2 late VTE were in the vedolizumab
group. This resultmay be due to themore severely active course of
the disease in patients in the anti-TNF group (that also presented
an increased use of high dose of steroids, as high as 35%), which is
correlated with a higher risk of VTE (25). However, the small
number of eventsmight have overestimated the rate differences of
these outcomes at the univariate analysis. Notably, prophylactic
LMWH was homogeneously distributed among groups.

In the multivariate analysis, none of the major outcomes was
significantly influenced by the drug class, including tofacitinib.
This result not only confirms the comparable safety of biologics
in the preoperative setting but also provides positive feedback
regarding the use of tofacitinib in this context. In an evolving

Table 3. Primary outcomes: late complications

Covariates

Yes

n5 26

No

n5 275 Univariate

Multivariate

OR 95% CI P

Females, n (%) 11 (42.3) 112 (40.7) 0.88

Disease extension

E11 E2, n (%)

E3, n (%)

11 (42.3) 69 (25.1) 0.08 Reference
15 (57.7) 206 (74.9) 0.06 0.44 0.19 1.03

Age at surgery, yr; median (IQR) 45.3 (31.6–54.4) 38.6 (27.6–54.0) 0.31

Disease duration at surgery, yr; median (IQR) 3.6 (2.4–7.9) 5.2 (2.2–10.5) 0.38

Short drug-to-surgery intervala, n (%) 18 (62.9) 218 (79.3) 0.23

Drug exposure, mo; median (IQR) 3.2 (1.4–6.8) 4.6 (1.6–11.5) 0.21

Experienced to biologics, n (%) 18 (69.2) 165 (60.0) 0.36

Urgent surgery, n (%) 12 (46.2) 86 (31.3) 0.12

Laparoscopic surgery, n (%) 17 (65.4) 217 (78.9) 0.11

Total colectomy and ileostomy, n (%)

Proctocolectomy1 IPAA and ileostomy, n (%)

One-stage proctocolectomy 1 IPAA, n (%)

12 (46.2) 161 (58.5) 0.22
13 (50.0) 107 (38.9)
1 (3.8) 7 (2.5)

Steroids . 20 mg use, n (%) 8 (30.8) 78 (28.4) 0.80

Antibiotics prophylaxis, n (%) 15 (57.7) 139 (50.5) 0.49

LMWH prophylaxis, n (%) 13 (50.0) 170 (61.8) 0.24

Active smokers, n (%) 5 (19.2) 14 (5.1) 0.02 4.67 1.48 14.77 ,0.01

Diabetes mellitus, n (%) 2 (7.7) 19 (6.9) 1.00

Peripheral vascular disease, n (%) 1 (3.8) 3 (1.1) 0.78

Charlson Comorbidity Index, median (IQR) 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.96

Body mass index (n5 260), median (IQR) 20.3 (18.0–23.7) 21.6 (19.0–24.7) 0.54

Albumin (n5 193), g/dL; median (IQR) 3.5 (3.0–4.1) 3.5 (2.0–3.9) 0.38

C-reactive protein (n5 269), mg/dL; median

(IQR)

2.2 (0.7–3.7) 2.0 (0.7–5.4) 0.93

Tofacitinib, n (%)

Anti-TNF, n (%)

Vedolizumab, n (%)

Ustekinumab, n (%)

7 (26.9) 57 (20.7) 0.67 Reference
11 (42.3) 151 (54.9) 0.61 0.22 1.68 0.33
6 (23.1) 48 (17.5) 1.07 0.33 3.49 0.91
2 (7.7) 19 (6.9) 0.65 0.12 3.59 0.62

Significant P values are reported in bold.
CI, confidence interval; IPAA, ileal pouch-anal anastomosis; IQR, interquartile range; LMWH, low-molecular-weight heparin; OR, odds ratio; TNF, tumor necrosis factor-a.
aPatients who had their last drug dose within a shorter time before surgery (i.e., tofacitinib # days; biologics # 8 weeks).
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scenario of increasing therapeutic options, it might occur that
surgery is delayed in favor of attempting more medical treat-
ments.However, delayed surgery can increasemorbidity, hospital
stay, and costs (26), which should also be considered in the
general assessment of the disease. In line with the common
knowledge that undergoing colectomy in emergency setting
carries high mortality and morbidity (27–30), our data suggest
that surgery should not be delayed. Accordingly, the patients of
our cohort undergoing urgent surgery presented an increased
risk of any early (1.9-fold) complications, when compared with
elective colectomy.

The type of surgery also impacts the outcome of colectomy.
Laparoscopic surgery offers a reduced risk of short-term com-
plications, incisional hernias, and adhesions (31–33). On the
other hand, there are conflicting data regarding the superiority of

a 3-stage vs 1- or 2-stage approach in terms of postoperative
complications (34–36), with international guidelines suggesting
to prefer a 3-stage approach in patients under steroids or biologics
and to avoid one stage approach in patients receiving anti-TNFs
(37).We found an independent higher risk of redo surgery within
30 days in patients who underwent proctocolectomy1 IPAA1
ileostomy and one-stage proctocolectomy 1 IPAA compared
with patients who underwent a total colectomy 1 ileostomy, al-
though the number of operative stages did not influence any other
complication category.

Current guidelines suggest to rapidly taper or stop steroids
before surgery because of an increased risk of early infections and
pouch-specific complications and to postpone pouch construc-
tion when this is not possible (37). In our study, a steroid dose
higher than the equivalent of 20mg of oral prednisone was found

Table 4. Secondary outcomes

All (n5 301) Tofacitinib (n5 64) Anti-TNF (n5 162) Vedolizumab (n5 54) Ustekinumab (n5 21) Univariate

Early infections 40 (13.3) 9 (14.1) 24 (14.8) 7 (13.0) 0 (0.0) 0.31

Late infections 5 (1.7) 0 (0.0) 3 (1.9) 1 (1.9) 1 (4.8) 0.50

Early sepsis 17 (5.6) 4 (6.3) 13 (8.0) 0 (0.0) 0 (0.0) 0.10

Late sepsis 1 (0.3) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0) 0.29

Early SSC 53 (17.6) 8 (12.5) 33 (20.4) 10 (18.5) 2 (9.5) 0.40

Late SSC 11 (3.6) 5 (7.8) 3 (1.9) 2 (3.7) 1 (4.8) 0.19

Early VTE 9 (3.0) 0 (0.0) 9 (5.6) 0 (0.0) 0 (0.0) 0.047

Late VTE 2 (0.7) 0 (0.0) 0 (0.0) 2 (3.7) 0 (0.0) 0.03

Early readmission to hospital 26 (8.6) 7 (10.9) 14 (8.6) 4 (7.4) 1 (4.8) 0.82

Late readmissions to hospital 17 (5.6) 5 (7.8) 7 (4.3) 4 (7.4) 1 (4.8) 0.70

Early redo of the surgery 20 (6.6) 4 (6.3) 13 (8.0) 1 (1.9) 2 (9.5) 0.43

Late redo of the surgery 4 (1.3) 2 (3.1) 1 (0.6) 1 (1.9) 0 (0.0) 0.46

Significant P values are reported in bold.
Data in the table are presented as n (%).
SSC, surgical site complications; TNF, tumor necrosis factor-a; VTE, venous thromboembolic event.

Table 5. Any early and late complications based on the time of last administration of the study drug before surgery

Tofacitinib £ 48 hr within surgery (n 5 11) > 48 hr within surgery (n5 53) P

Any early complication (n5 17) 2 (18.2) 15 (28.3) 0.75

Any late complication (n 5 7) 0 (0.0) 7 (13.2) —

Anti-TNF £ 4 wk within surgery (n 5 100) > 4 wk within surgery (n5 62) P

Any early complication (n5 57) 38 (38.0) 19 (30.6) 0.43

Any late complication (n 5 11) 6 (6.0) 5 (8.1) 0.85

Vedolizumab £ 4 wk within surgery (n5 22) > 4 wk within surgery (n 5 32) P

Any early complication (n5 14) 4 (18.2) 10 (31.6) 0.45

Any late complication (n 5 6) 4 (18.2) 2 (6.3) 0.35

Ustekinumab £ 4 wk within surgery (n5 14) > 4 wk within surgery (n 5 7) P

Any early complication (n5 2) 1 (7.1) 1 (14.3) 0.60

Any late complication (n 5 2) 0 (0.0) 2 (28.6) —

Data in the table are presented as n (%).
TNF, tumor necrosis factor-a.
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to increase the risk of any early complications, early SSC, and
early redo surgery, whichwas in linewith the current literature on
the matter (19).

Finally, we found a 4.7-fold increased risk of any late com-
plications in active smokers at the time of surgery, in line with
current literature regarding an increased postoperativemorbidity
in active smokers undergoing abdominal surgery (38–40).

To the best of our knowledge, this is the first study assessing
the safety of preoperative exposure to tofacitinib in comparison
with biologics in patients with UC undergoing colectomy. The 4-
group design, compared with a head-to-head design, allowed us a
more granular comparison between immunosuppressive drugs
with different mechanisms of action.

On the other hand, we also acknowledge some limitations.
First, the retrospective design, which led tomissing data, although
information regarding clinical activity, endoscopy, and labora-
tory tests were present in at least 80% of the population. More-
over, despite themulticenter effort, the cohort was not sufficiently
large to perform a propensity score matching and simulate the
effect of randomization; however, homogeneity and multivariate
analysis were performed to minimize the risk of biases. Similarly,
the low number of patients included in the ustekinumab group
may have led to selection bias.

Another issue concerns the short half-life of tofacitinib, as the
4-week window that we used might be considered too wide to
impact the effect of this drug on surgical outcomes. However, in
our opinion, this window reflects the frequent real-life clinical
practice of patients with medically refractory disease undergoing
surgery after treatmentwith tofacitinib, whichwas themain focus
of our study. Moreover, the exposure window for the main
analysis was based on the existing literature in the field (11), to
make our data comparable and homogeneous for future meta-
analyses. In addition, subanalyses with shorter exposure windows
for both tofacitinib and biologics were also run, without showing
any significant differences in terms of any complications. Finally,
we reported a large observational time of 18 years, which could
have led to biases because of unmeasured, surgery-related factors.
However, stratification by year groups and sensitivity analysis to
restrict to patients operated in themore recent years did not show
meaningful differences from the original model. Moreover, the
main surgery-related variables potentially influencing post-
operative outcomes were included as covariates of our analysis
(i.e., laparoscopy vs laparotomy, urgent vs elective surgery, and
number of surgery stages).

In conclusion, our data demonstrated that tofacitinib and
biologics have a similar rate of adverse events in the postoperative
setting of patients undergoing colectomy for medically refractory
UC. Urgent surgery and high doses of steroids before surgery
were confirmed to be associatedwith a higher risk of early surgical
complications. Larger and prospective studies are necessary to
confirm these findings.
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Study Highlights

WHAT IS KNOWN

3 Patients with ulcerative colitis taking immunosuppressive
drugs are at risk of colectomy.

3 The postoperative safety of the preoperative exposure to
tofacitinib is poorly documented.

WHAT IS NEW HERE

3 Tofacitinib is as safe as biologics regarding the occurrence of
postoperative complications.

3 No warning signals concerning venous thromboembolic
events were reported with tofacitinib.

3 Urgent colectomy and high dose of steroids before surgery
were confirmed as independent risk factors for postoperative
complications.
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