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Intra-abdominal infection after tumor
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antibiotics versus tigecycline alone
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Abstract

Backgrounds Tigecycline has a broad spectrum of antimicrobial activity and has been approved for the treatment
of complicated intra-abdominal infections. However, it is debatable whether tigecycline should be used alone or in
combination. This study aimed to investigate whether tigecycline plus B-lactam antibiotics (combination therapy
[CT] group) are superior to tigecycline alone (monotherapy [MT] group) in non-critically ill intra-abdominal infection
patients after tumor surgery.

Methods This was a multicenter, retrospective cohort study. The primary outcome was mortality during the hospital
stay. Secondary outcomes were clinical success rate, microbial eradication rate, relapse rate within one week, course
of treatment, and adverse effects. Propensity score matching (PSM) was used to adjust the degree of infection before
medication between the MT and CT groups. Univariate comparisons were performed using the chi-squared test

for qualitative variables and Student’s t-test or the Mann-Whitney U-test for continuous variables, as appropriate.
Multivariate logistic regression analysis was performed to examine the relationship between antimicrobial treatments
and mortality during hospitalization. The paired samples Wilcoxon test was used to compare the parameters before
and after medication.

Results In total, 291 patients were included in the final analysis: 128 in MT group and 163 in CT group. Mortality

rate was 6.25% in the MT group and 6.13% in the CT group (P=0.97). Multivariate logistic regression model showed
that carbapenem-resistant organisms (OR: 4.35, 95% Cl: 2.36 ~61.70) and age > 65 (OR: 1.32,95% Cl:1.19~3.01) were
independent risk factors for death. CT group had a shorter defervescence time (P<0.05), with less likelihood of relapse
(P<0.05) but had a more significant effect on activated partial thromboplastin and prothrombin time.

Conclusions Tigecycline plus B-lactam wasn't superior to tigecycline monotherapy for the treatment of non-critically
ill patients with intra-abdominal infection. But for advanced age patients with cancer, tigecycline combination
therapy maybe a better choice in terms of mortality.
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Background

Intra-abdominal infection (IAI) is a common com-
plication of abdominal surgeries. Postoperative intra-
abdominal infection (PIAI) is an important type of IAI
accounting for approximately 8.5% of total IAls, and its
mortality rate is as high as 22%~55%[1]. PIAI refers to
the clinical manifestations of IAI within 30 days of sur-
gery, with laboratory tests and imaging confirming IAI
or drainage fluid confirming the presence of an intra-
abdominal abscess [1]. Appropriate empirical antimicro-
bial treatment can increase the success rate of clinical
treatment, reduce hospital stay and hospitalization costs,
and minimize antimicrobial resistance caused by selec-
tive pressure [2].

Multidrug-resistant (MDR) bacteria, such as methicil-
lin-resistant Staphylococcus aureus, extended-spectrum
beta-lactamase-producing Enterobacteriaceae, carbapen-
emase-producing Klebsiella pneumoniae, and carbape-
nem-resistant Acinetobacter baumannii (CRAB), are
common in intra-abdominal infections [3-5]. Cancer is
the risk factor for MDR bacteria infection [6]. Therefore,
it is challenging for physicians to choose an appropriate
anti-infection regimen for IAI after tumor surgery.

In China and the US, tigecycline is approved for the
treatment of complicated intra-abdominal infections,
complicated skin and skin tissue infections, and commu-
nity-acquired bacterial pneumonia. It is a minocycline
derivative with antimicrobial activity against Gram-pos-
itive and Gram-negative bacteria, anaerobes, and atypi-
cal pathogens. Tigecycline is often used in combination
with other antibiotics, such as -lactam antibiotics, car-
bapenems, and aminoglycosides, owing to its heteroge-
neous resistance [7, 8]. The combination of tigecycline
with B-lactam antibiotics has shown a good synergistic
effect [9, 10], and tigecycline plus cefoperazone/sulbac-
tam is the first-line treatment for CRAB in China. How-
ever, tigecycline has a higher concentration in the bile,
gall bladder and colon [11, 12], which means that tige-
cycline is more effective against IAI compared to other
site of infections. Furthermore, its unique pharmaco-
logical mechanism provides good antibacterial activity
against various pathogenic bacteria that cause compli-
cated intra-abdominal infections, especially MDR bacte-
ria [13, 14]. Some studies suggested that tigecycline alone
is not inferior to tigecycline-based combination regimens
[15-19], while whether tigecycline should be used alone
or in combination in PIAI cancer patients was remained
unknown. This study aimed to investigate whether tige-
cycline combined with B-lactam antibiotics (combination
therapy group, CT group) is superior to tigecycline alone

(monotherapy group, MT group) in intra-abdominal
infection after tumor surgery.

Methods

This was a five-center (in China), retrospective cohort
study. The study design was based on a comparison of
outcomes between two groups of patients with PIAIs.
The primary outcome in this study was mortality dur-
ing the hospital stay. The secondary outcomes were
clinical success rate, microbial eradication rate, relapse
rate within one week, course of treatment, and adverse
effects.

Cohort description

The sample groups for this cohort study were derived
from individuals registered at the gastrointestinal surgery
departments of Shanxi Provincial People’s Hospital, First
Hospital of Shanxi Medical University, Second Hospital
of Shanxi Medical University, Yuncheng Central Hospital
and Shanxi Cancer Hospital; each of these hospitals was
a tertiary hospital with over 2,200 inpatient beds. We ret-
rospectively reviewed the clinical records of adult cancer
patients (age>18 years) with PIAI who were treated with
tigecycline or tigecycline in combination with B-lactam
antibiotics between January 2018 and November 2022.
The study protocol was approved by the Ethics Commit-
tee of Shanxi Provincial People’s Hospital (2022-281).
The need to obtain written informed consent was waived
due to the retrospective nature of the study. A total of 336
participants who met the inclusion criteria were enrolled
in the study (Fig. 1).

Definitions

Intra-abdominal infection must meet the following cri-
teria: presence of organisms isolated from abdominal
drainage, body temperature>37.5 °C, and abdominal
pain. Clinical success was defined as the absence of any
sign of infection at the end of treatment, normal temper-
ature, no indication for continuation of antibiotics treat-
ment or a second operation, and no relapse within one
week. Microbial eradication was defined as the absence
of pathogens in the culture of specimens collected from
the original site. Relapse was defined as the recurrence of
abdominal pain within one week of the end of antibiotics
treatment, with or without unexplained fever, increase
in white blood cells, C-reactive protein, or procalcitonin
(PCT), new radiographic findings (abscess or other infec-
tious manifestations), and cannot be explained by infec-
tion at other sites.
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765 Patients with intra-abdominal infection after tumor
surgery treated with tigecycline-based regimen

429 Excluded
106 ICU admission
36 Bacteremia
218 Missing data

N

> 19 Pathogen resistant to tigecycline
12 Treatment duration <5 days

18 Immunosuppression

97 Combination with other antibiotics
6 Triple antibiotics

336 Enrolled patients

Propensity score matching

y

128 Monotherapy
Group

Fig. 1 Flowchart of patient enrollment

Inclusion definition for the Monotherapy and Combination
Groups

The MT group was defined as patients with PIAI treated
with tigecycline alone: a loading dose of 100 mg, fol-
lowed by 50 mg twice daily. The CT group was defined
as patients with PIAI treated with tigecycline in combi-
nation with B-lactam antibiotics (ceftazidime, piperacil-
lin/tazobactam, cefoperazone/sulbactam, ceftriaxone or
cefoxitin); the dose of tigecycline in the CT group was the
same as that in the MT group. The inclusion criteria were
as follows: patients who had undergone abdominal sur-
gery and had been diagnosed with IAI, male or female,
older than 18 years, and treated with tigecycline or tige-
cycline in combination with B-lactam antibiotics. The
exclusion criteria were as follows: missing data; use of
tigecycline within the last month; the pathogen was resis-
tant to tigecycline; bacteremia; intensive care unit admis-
sion; course of treatment was less than five days; use of
immunosuppressants or immunodeficiencies; mechani-
cal ventilation; renal replacement therapy; combination
with other antibiotics; three antibiotics were used at the
same time; and liver failure.

163 Combination
Group

The patients’ baseline data (age, sex, underlying dis-
eases, causative pathogens, course of treatment, type of
surgery, and laboratory tests) were obtained from the
Hospital Information System. Laboratory tests between
48 h before tigecycline administration and within 48 h
after tigecycline discontinuation were recorded.

Statistical analysis

Propensity score matching (PSM) was used to adjust
the degree of infection before medication (age, PCT)
between the MT and CT groups. The Shapiro-Wilk test
was used to test for normality. Univariate comparisons
were performed using the chi-squared test for qualita-
tive variables and Student’s t-test or the Mann-Whitney
U-test for continuous variables, as appropriate. The
paired samples Wilcoxon test was used to compare the
parameters before and after medication. Conditional
logistic regression model was used to investigate the cor-
relation between the parameters and mortality. The sig-
nificance level was set at P<0.05. All statistical analyses
were calculated using Extreme Smart Analysis platform.
Retrieved from https://www.xsmartanalysis.com.
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Table 2 Efficacy comparison between the two groups

infections Parameter MT group CTgroup P
Parameter MT Group CT Group Mortality during hospitalization, n 8 (6.25) 10 (6.13) 0.97
Number of patients 128 163 (%)

Sex (n, %) Clinical success, n (%) 103 (80.47) 141 (86.50) 0.17
Male 98 (76.56) 104 (63.80) Microbial eradication, n (%) 118(92.19) 154(94.48) 043
Female 30 (23.44) 45 (36.20) Defervescence time (days) 4674032 389+045 <005
Age (years) 56.10+7.67 56.30+7.43 Duration of microbial eradication 512+138 493+151 0.78
Underlying diseases, n (%) (days)

Diabetes 10 (7.81) 13 (7.98) Duration of clinical success (days) 7(6,9) 7(6,9) 0.76
CKD 2(1.56) 2(123) Relapse within one week, n (%) 18 (14.06) 10(6.13) <005
CHF 0 3(1.84) * Statistically significant

COPD 10 (7.81) 5(3.07)

Site of tumor, n (%) Table 3 Factors influencing mortality during hospitalization for
Liver 24 (18.75) 8(11.04) patients with postoperative intra-abdominal infection

Biliary tract 38 (29.69) 39 (23.93) Parameter OR 95%Cl P
Gastrointestinal tract 50 (39.06) 94 (57.67) CRO 435 2.36~61.70 <001"
Pancreas 16 (12.50) 2(7.36) Age>65 132 1.19~3.01 0.03"
Responsible pathogens, n (%) Monotherapy/combination 157 0.97~4.03 0.06
Enterococcus. spp. 1(859) 29 (17.79) 2: Multivariate analysis with conditional logistic regression model

Escherichia coli (total) 38 (29.69) 60 (36.81) CRO: Carbapenem-resistant organisms

Escherichia coli (CRO) 8 (6.25) 6 (3.68)

Klebsiella spp. (total) 26(2031)  32(1963) The comparisons between the two groups are pre-
Klebsiella spp. (CRO) 6 (4.69) 10 (6.13) sented in Table 2. There was no significant difference
Enterobacter cloacae (total) 15(11.72) 9(5.52) in mortality during hospitalization between the two
Enterobacter cloacae (CRO) 4(3.13) 5(3.07) groups (6.25% vs., 6.13%, P=0.97). Clinical efficacy was
Acinetobacter baumannii (CRO) 10 (7.81) 18 (11.04) 80.47% (103/128) in the MT group and 86.50% (141/163)
other bacteria 28 (21.88) 15(9.20) in the CT group (P=0.17). Microbial eradication rates
Antibiotic combination, n (%) were 92.19% (118/128) in the MT group and 94.48%
Ceftazidime N/A 16 (9.82) (154/163) in the CT group, respectively (P=0.43). In
Piperacillin/tazobactam N/A 48 (29.45) addition, there was no significant difference in dura-
Cefoperazone/sulbactam N/A 89 (54.60) tion of microbial eradication (5.12+1.38 vs. 4.93+1.51,
Ceftriaxone N/A 4(2.45) P=0.78) and duration of clinical success (7 [6, 9] vs. 7
Cefoxitin N/A 6(3.68) [6, 9], P=0.76). However, the MT group needed a longer
Parameters before tigecycline time for the temperature to return to normal (4.67+0.32
medication . vs. 3.89+0.45, P<0.05). In addition, the MT group was
Temperature (C) 38312047 38422036 more likely to relapse within a week (14.06% vs. 6.13%,
CRP (mg/L) 77.14+20.18 81.25+36.71 P<0.05).

PCT (ng/mt) o 202106 2482064 Multivariate analysis suggested that treatment regimen
White Blood Cell (T107L) 1812377 2169260 ((R: 157, 95% CI: 0.97-4.03) was not associated with
Hospital length of stay (days) 13.43+5.12 15.76+8.25

MT Group: tigecycline monotherapy; CT Group: tigecycline plus B-lactam
antibiotics; CRO, Carbapenem-resistant organisms protein; CRP, C-reactive
protein; PCT: Procalcitonin; CHF: Congestive heart failure; CKD: Chronic kidney
disease; COPD: Chronic obstructive pulmonary disease; CRO: Carbapenem-
resistant organisms

Results

After applying the inclusion and exclusion criteria, the
study cohort included 336 patients. Statistical analysis
revealed significant differences in age and PCT levels
between the MT and CT groups. PSM was used to match
the two groups to eliminate baseline differences. After
PSM, 128 and 163 patients were included in the MT and
CT groups, respectively. The baseline clinical characteris-
tics are presented in Table 1.

mortality, but with age>65 (OR: 1.32, 95% CI:1.19~3.01)
and carbapenem-resistant organisms (CRO) [OR: 4.35,
95% CI: 2.36—61.70] (Table 3).

Furthermore, we compared changes in laboratory test
results before and after tigecycline-based medication
between the groups (Table 4). Coagulation function (acti-
vated partial thromboplastin time, APTT; prothrombin
time, PT; fibrinogen, FIB) was significantly lower after
tigecycline-based treatment than that before the treat-
ment (P<0.05) in each group. There was no difference
in alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) levels before and after medication for
both groups. Total bilirubin (Tbil) in the MT group was
significantly elevated after the treatment (14.93+46.23
vs. 18.94140.55, P <0.05). The hemoglobin levels in the
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Table 4 Adverse reactions between the MT and CT groups

Parameter Group Before After P
medication medication
APTT (seconds) ~ MT 30.30+6.05 3290+747% <001
cT 3060+6.19 35.20+8.20 <001
PT (seconds) MT 13.80+232 14.30+2.75% <001"
cT 14354236 15.20+4.28 <001
FIB (g/L) MT 414+159 282+143 <001
cT 405+169 259+134 <001
Thil (umol/L) MT 149344623 189444055 <005
cT 2023+70.79 2806+77.19 032
ALT (U/L) MT 419445536 4170427517 0.78
cT 419747409 35.13+£90.59 0.09
AST (U/L) MT 39.98+49.74 3490+37936% 069
cT 4463+100.19  41.23+21897 0.63
Hemoglobin MT 99 (84,111) 98 (85, 108) 0.28
(/L) cT 100 (89,112.75) 96 (86,112) <005
Platelet (*10%L) ~ MT 196.5 (123, 210 (134, 300) 0.82
301.5)

CT 216 (98, 307) 214.(117,306) 0.63

MT: tigecycline monotherapy; CT: tigecycline plus (-lactam antibiotics;
APTT, activated partial thromboplastin time; PT, prothrombin time; FIB,
fibrinogen; Thil, total bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; *, statistically significant; # statistically significant between
the monotherapy and combination groups in levels of total bilirubin before
tigecycline medication; &, statistically significant between monotherapy and
combination groups after tigecycline medication

CT group were significantly reduced after treatment (100
(89, 112.75) vs. 96 (86, 112), P<0.05). There was no sig-
nificant change in platelet levels in both groups before
and after treatment.

To compare the adverse effects after medication
between the MT and CT groups, we first compared the
parameters between the two groups before treatment to
eliminate baseline differences and found that only total
bilirubin was significantly different between the two
groups before treatment. Afterward, we compared other
parameters between the MT and CT groups after medi-
cation and found that only APTT, PT, and AST were sta-
tistically different between the two groups at the end of
treatment.

Discussion

Several clinical studies have documented the effects
of tigecycline as a single agent or in combination with
other antimicrobials, and only three studies involved
intra-abdominal infection [15-18, 20-22]. Cancer is
the risk factor of MDR intra-abdominal infection. For
cancer patients with IAI, whether tigecycline should be
used alone or combination is still unknown. On search-
ing PubMed and Web of Science, we believe that this is
the first study to compare the efficacy and adverse effects
of tigecycline monotherapy and tigecycline in combina-
tion with B-lactam antibiotics in IAI patients after tumor
surgery.
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It is debatable whether tigecycline should be used alone
or in combination [23, 24]. Many studies have supported
a combination regimen for hospital-acquired pneumo-
nia [20, 24, 25]. For intra-abdominal infections, tigecy-
cline alone has shown a success rate of up to 90%, with
the in-hospital mortality and bacterial eradication rates
not significantly different [16, 17]. In the present study,
the addition of B-lactam antibiotics to tigecycline in PIAI
patients was not associated with better clinical outcomes,
including mortality during hospitalization, clinical suc-
cess rate, microbial eradication rate, duration of micro-
bial eradication, defervescence time, and duration of
clinical success. We chose mortality during the hospital
stay as the primary outcome instead of 28 days because
the patients enrolled in this study had milder disease.
Furthermore, at 28 days, mortality may have been influ-
enced by underlying comorbidities.

Our findings were consistent with those of previous
studies [16, 17, 26]. We observed that tigecycline plus
B-lactam was not superior to tigecycline monotherapy
for the treatment of non-critically ill patients with IAI
after tumor surgery. We believe that this was due to the
high concentration of tigecycline in the abdomen and its
broad antimicrobial spectrum [12]. Therefore, tigecycline
is effective in the treatment of mild abdominal infections,
even when used alone. However, tigecycline concentra-
tion in the blood is very low, and therefore, should not
be used for bacteremia [27]. As a result, we excluded
patients with bacteremia and ICU admission, and our
findings were limited to non-critically ill patients.

Although there was no difference in mortality during
hospitalization between the two groups, the deferves-
cence time of patients in the CT group was significantly
lower than that of patients in the MT group. Tigecycline
is a bacteriostatic agent, whereas [-lactam antibiot-
ics are bactericidal agents; thus, more time is needed to
lower the body temperature for tigecycline monotherapy
[28]. The results of bacterial eradication rates may seem
contradictory to relapse rates; however, given that the
frequency of abdominal drainage culture performed for
each patient was different and that there were many fac-
tors affecting bacterial culture, false negatives were likely
to exist. Therefore, we believe that the results of relapse
rates may be more reliable than those of bacterial eradi-
cation rates.

Multivariate analysis with a logistic regression model
showed that mortality was not associated with tigecy-
cline use alone, but with CRO and advanced age. First,
tigecycline requires a high dose of CRO (200 mg load-
ing dose, followed by 100 mg every 12 h)[8, 29, 30]; how-
ever, patients enrolled in this study were treated with a
standard dose. Second, low doses of tigecycline have
a higher risk of selecting drug-resistant isolates [23].
Third, advanced age and cancer were risk factors of MDR



Cai et al. BMC Cancer (2023) 23:682

infection, which was related to treatment failure [6, 31].
Furthermore, superinfections from CRO secondary to
tigecycline resistance were more common during mono-
therapy than during combination therapy [32]. Therefore,
we suggest that even for non critical ill postoperative
intra-abdominal infections, physicians should choose
tigecycline combination therapy to reduce mortality for
advanced age patients with cancer.

According to the manufacturer’s instructions, tige-
cycline may cause coagulopathy [11]. The effect of tige-
cycline on coagulation function mainly manifests as a
prolongation of PT and APTT and a decrease in FIB
[33-36], and our study supports this hypothesis. Anti-
biotics are generally associated with coagulation disor-
ders, as they reduce the microflora of the colon and distal
ileum, which synthesize vitamin K2[37, 38]. However, the
mechanism underlying this effect remains unclear. Com-
parison of coagulation function between the two groups
showed that the CT group had a more pronounced effect
on APTT and PT than did the MT group. This may be
because both tigecycline and B-lactam antibiotics may
cause coagulopathy, and the combination of these two
drugs exacerbates this adverse effect. Therefore, patients
at risk of bleeding should be closely monitored during
tigecycline treatment. Although tigecycline-based regi-
mens have a significant effect on coagulation, patients
usually recover spontaneously after drug discontinuation
[36].

Regarding the effect on liver function, although AST
was higher in the CT group, we did not think this result
was meaningful considering that many drugs affect ami-
notransferases, and we cannot completely rule out the
effect of other drugs on aminotransferases.

There are some limitations of this study. First, this was
a retrospective study and was thus susceptible to selec-
tion bias. Although we have used PSM to reduce bias,
some potential sources of biases may be neglected. Sec-
ond, adequate drainage is critical for treatment of PIAI;
however, we cannot confirm that each patient received
adequate drainage. Third, the sample size is relatively
small.

Conclusions

In conclusion, tigecycline alone or in combination with
B-lactam antibiotics was not associated with mortal-
ity during hospitalization, clinical success, or microbial
clearance. CRO infection and advanced age were inde-
pendent risk factors for death. Tigecycline in combina-
tion with -lactam antibiotics has a shorter defervescence
time and is less likely to be associated with a relapse;
however, it has a more significant effect on coagulation.
But for advanced age patients with cancer, tigecycline
combination therapy maybe a better choice in terms of
mortality.
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List of abbreviations

CTgroup  combination therapy group

MT group  monotherapy group

IAl Intra-abdominal infection

PIAI Postoperative intra-abdominal infection
MDR Multidrug-resistant

CRAB Carbapenem-resistant Acinetobacter baumannii
PCT procalcitonin

PSM Propensity score matching

OR Odds ratio

a Confidence Interval

CRO carbapenem-resistant organisms

APTT activated partial thromboplastin time
PT prothrombin time

FIB fibrinogen

ALT alanine aminotransferase

AST aspartate aminotransferase

Thil Total bilirubin
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