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Abstract Background Definitive chemoradiation therapy is an alternative curative treatment
for esophageal squamous cell carcinoma (ESCC). The prevalence of anastomotic
leakage (AL) after salvage esophagectomy is significantly higher than planned esoph-
agectomy after chemoradiation, which increases operative mortality. Minimizing AL-
relatedmortality requires early detection. Several investigators have demonstrated the
role of serum C-reactive protein (CRP) in early AL detection after esophagectomy for
decades. However, its value in early AL detection after salvage esophagectomy is
unknown. This study aims to evaluate the value of serial serum CRP levels for early AL
detection in ESCC patients after salvage esophagectomy.
Methods We retrospectively reviewed the medical record of 36 patients diagnosed
with thoracic squamous cell esophageal carcinoma who underwent salvage esoph-
agectomy at our hospital between December 2016 and May 2022. The CRP level was
measured daily from postoperative day (POD) 1 to 5. Sensitivity, specificity, and
receiver operating characteristic (ROC) curves were calculated to determine the
optimal cutoff value.
Results A total of 36 patients underwent salvage esophagectomy. Of these 36
patients, 3 patients (8.3%) were diagnosed with AL. The CRP level on POD 2 to 5
had been significantly associated with the presence of AL. The ROC curve showed the
excellent diagnostic accuracy of CRP level on POD 2 to 5, with an area under the curve
of 0.98, 0.98, 0.93, and 0.87, respectively. The optimal cutoff value of CRP on POD2 to
5 was 270, 250, 200, and 150mg/L, respectively, with high sensitivity, specificity, and
negative predictive value.
Conclusion Postoperative serial CRP level after salvage esophagectomy is a reliable
useful tool for early AL detection, similar to other settings of esophagectomy.
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Introduction

Currently, multimodal treatment has become the corner-
stone of esophageal cancer treatment, playing a crucial role
in increased overall survival. Definitive chemoradiation
therapy (dCRT) is an alternative curative treatment for
esophageal squamous cell carcinoma (ESCC). However, up
to 60% of patients may experience locoregional recurrence
within two years of treatment.1 Salvage esophagectomy is
selectively indicated in fit patients with resectable disease
but results in high operative morbidity (31–70%)1–3 and
mortality (11.4–15%).1,2,4,5 Despite the advancement in
preoperative staging, perioperative optimization, operative
technique, and postoperative care, anastomotic leakage (AL)
is considered one of the serious complications after esoph-
agectomy contributing to life-threatening conditions, affect-
ing long-term survival, and increasing local recurrence.6,7

The prevalence of AL after salvage esophagectomy is about
two times higher than that of the planned surgery following
neoadjuvant chemoradiation.2,3,8 Once AL was clinically
detected, it would be a predictor of mortality.9 Early recog-
nition of these patients is crucial tominimize contamination,
reduce the risk of sepsis-induced multiorgan failure, and
minimize operative mortality.10 Providing prompt treat-
ment for AL is essential to improving both short- and long-
term clinical outcomes.11

However, early detection of AL using clinicalmanifestations
is challenging and limited after esophagectomydue tomasking
by an overwhelmed systemic inflammatory response. The
optimal treatment might be delayed by waiting until the
apparent clinical signs and symptoms become clearly defined
as AL. While performing routine contrast studies or esophago-
gastroduodenoscopy (EGD) at specific postoperative periods,
searching for AL could not reveal any abnormalities, even in
patients developing AL.12,13 Despite the high false negative
rate and low sensitivity, it could probably result in serious
adverse events, such as aspiration and mediastinitis.14,15

Therefore, using biomarkers may be beneficial in the early
diagnosis and prompt management of AL. Several biomarkers
havebeen thoroughly investigatedover the past fewdecades to
identify postoperative surgical and infectious complications
following a variety of major gastrointestinal organ opera-
tions.16,17 C-reactive protein (CRP) is an acute-phase protein
that exhibits a rapid increase in plasma concentration in
response to the body’s inflammatory response, particularly
after surgery.18,19 Its potential as a valuable tool for predicting
postoperative complications in major abdominal surgery has
been suggested in the literature.17

During the past decade, several studies have clearly
demonstrated the value of serum CRP level for the early
detection of AL after esophagectomy following neoadjuvant
chemoradiation therapy. Recently, a meta-analysis provided
supporting evidence regarding the utility of CRP levels on
postoperative day (POD) 3 and POD 5 after esophagectomy to
detect AL, with cutoff values of 176 and 132mg/L, respec-
tively.20 However, previous studies were conducted in a
variety of clinical settings, and to the best of our knowledge,
there was no study on salvage esophagectomy after dCRT in

patients with ESCC, which could be assumed to impair
immune function and inflammation due to suppression of
bone marrow and could influence the postoperative CRP
level. Existing evidence is unclear as to whether the CRP
cutoff value reported in prior studies is applicable for the
early detection of AL in this specific patient population.
Consequently, the aim of this study was to investigate the
potential value of CRP as a biomarker for early detection of
esophagogastric AL after transthoracic salvage esophagec-
tomy in patients with ESCC who had residual or recurrent
disease following dCRT.

Materials and Methods

All patients diagnosed of ESCCwho underwent curative trans-
thoracic esophagectomy with esophagogastric anastomosis
following dCRT between December 2016 and May 2020 at
Department of Surgery, Chulalongkorn University, were in-
cluded. Patients with complicated tumors including bleeding
or perforation undergoing emergency resection, multiorgan
resection, no esophagoenteric anastomosis performed, more
than one digestive tract anastomosis, severe cirrhosis and
incomplete biochemical, therapeutic and treatment outcome
datawere excluded from the study. Patients were divided into
2 groups with and without AL. Data regarding demographics,
biochemical, cancer staging, chemoradiation treatment, oper-
ative procedure, and treatment outcomewere retrospectively
reviewed from electronic medical records and then analyzed.
This studywas approvedby Institutional ReviewBoard (IRB) of
Chulalongkorn University (IRB No.859/65).

Definitive Chemoradiation (dCRT) Treatment and
Indication for Salvage Esophagectomy
The tumors were staged according to the tumor node metas-
tasis criteria of the 8th edition American Joint Committee on
Cancer and the International Union Against Cancer Classifi-
cation of the Malignant Tumors, using a combination of
imaging modalities, including computed tomography (CT),
EGD, and positron emission tomography-CT (PET-CT) in
selected cases. Treatment plans were discussed in a multi-
disciplinary team review for all patients. Patients with
clinically resectable thoracic ESCC (T2-T4a/N0-Nþ/M0)
underwent dCRT, which consisted of two to four cycles of
chemotherapy (5-Fluorouracil/Cisplatin or Carboplatin/
Paclitaxel) in concurrent with 25 to 30 fractions of intensi-
fied modulated radiotherapy at a total dose of 50.4 to 60 Gy.
All patients were scheduled for intensive surveillance every
3 months in the first 2 years and then every 6 months for the
subsequent 3 years after complete dCRT including CT scan
chest and abdomen, upper endoscopy with multiple biop-
sies, and PET/CT (optional). Patients with confirmed histo-
logic evidence of cancer or abnormal findings on surveillance
including unhealed mucosal ulcer, stricture, abnormal
esophagealwall thickening or abnormal standardized uptake
value demonstration are considered as having residual or
recurrent disease. Salvage esophagectomy is offered to phys-
ically fit patients with confirmed or suspected residual or
recurrent localized resectable disease.
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Transthoracic Esophagectomy
All patients underwent open transthoracic esophagectomy
with two-field lymphadenectomy (upper abdomen and me-
diastinum) performed by single surgeon. Ivor-Lewis tech-
nique with intrathoracic esophagogastric anastomosis was
performed in patients with cancer located in the lower
thoracic esophagus and McKeown approach with left cervi-
cal anastomosis was performed in case of upper thoracic
lesion. All intrathoracic anastomoses were created using
circular staplers, while cervical anastomosis was conducted
using both circular staplers and hand-sewn techniques. All
patients underwent the placement of anastomotic drains
postoperatively, which were left in place until the absence of
AL or chylothorax was confirmed after progressing to an oral
diet. During the postoperative phase, patients were subject
to a daily clinical assessment, as well as routine laboratory
investigations and radiographic imaging, including daily
measurements of CRP levels from the POD 0 until day 5.
Oral diet was routinely commenced at 7 to 10 days after the
operation in patients without AL.

Definition of Postoperative Complications and
Anastomotic Leakage
This study examined a variety of postoperative complica-
tions, including lung complications, postoperative bleeding,
AL, gastric conduit necrosis, mediastinal/abdominal inflam-
mation or abscess, chylothorax, and wound complications.
The severity of these complications was determined using
the Clavien–Dindo classification system.

Esophagogastric AL has been defined based on the criteria
established by the Esophageal Complications Consensus
Group as a full-thickness gastrointestinal defect involving
the esophageal anastomosis, stapler line, or conduit irre-
spective of presentation or method of identification.8

Statistical Analysis
All statistical analyses were performed using IBM SPSS
Statistics for Windows version 26.0 (IBM Corp, Armonk,
New York, United States). Categorical variables were pre-
sented as frequencies and percentages, while continuous
variables were expressed as means and standard devia-
tions. Fisher’s exact test was used to assess the association
between categorical data. Independent t-tests were per-
formed to compare continuous variables after confirming
the normal distribution of the data using the Shapiro–Wilk
test. Receiver operating characteristic (ROC) curve analysis
was used to determine the diagnostic accuracy of CRP level
on POD2 to 5 in predicting AL, with the area under the
curve (AUC) calculated to evaluate the test’s ability to
differentiate the outcome of interest. AUC values greater
than 0.5 were considered indicative of some ability to
differentiate the outcome of interest, and an AUC greater
than 0.8 was indicative of high diagnostic accuracy. The
optimal cutoff value was based on the maximum sum of
high sensitivity and high specificity, and 95% confidence
intervals were calculated. All tests were two-sided, and
p-values less than 0.05 were considered statistically
significant.

Results

Between December 2016 and May 2022, there were 208
patients with locally advanced thoracic ESCC undergoing
dCRT during the study period. Of these 208 patients, open
transthoracic salvage esophagectomy with either cervical or
intrathoracic esophagogastric anastomosis was performed
in 36 (17.3%) patients. This study was predominantly male
cohort (97.2%), and amean agewas 59.06 years. Themajority
were diagnosed at an advanced stage (Stage III, 80.6%), with
more than 90% having tumors located in the middle and
lower thoracic regions. Demographic data, surgical indica-
tion, and treatment characteristics and outcomes are sum-
marized in ►Table 1. The patients were divided into two
groups according to the integrity of their anastomosis status.

Postoperative Outcome and Complications
There was no 90-day mortality in this study. Postoperative
complications occurred in 14 out of 36 patients (38.9%).
Among these, minor complications (Clavien–Dindo I-IIIa)
were identified in nine patients (25%), while major compli-
cations (Clavien–Dindo IIIb-IVb) were evident in five
patients (13.9%). Of the 36 patients, three (8.3%) of them
had AL at a median duration of 8 days (range: 5–9 days) after
the operation (1 intrathoracic and 2 cervical AL). Of these
three patients, two patients required surgical intervention,
while the third patient was successfully managed with
intravenous antibiotics and local wound care. The need for
reoperation was observed in four patients (11.1%), which
consisted of one patient in the non-AL group experiencing a
small bowel volvulus around the feeding jejunostomy on
POD 5, while another patient developedwound evisceration.

Clinical Utility and Optimal Cutoff Value of
Postoperative CRP Level
►Table 2 displays mean CRP levels of the first 5 consecutive
days after the operation between both groups. Our findings
demonstrated a significantly higher mean CRP level in patients
with AL (AL group) compared with those patients without
leaks (non-AL group) in all the studied days except the first
day after the surgery. This finding was further illustrated
in ►Fig. 1, indicating a peak mean CRP level on POD 2 for
both groups, followedbya subsequent decline in non-AL group.

Based on the ROC curve analysis, CRP levels on POD 2 to 5
exhibited excellent diagnostic accuracy in distinguishing
between AL and non-AL status as shown in ►Fig. 2 (AUCs
of 0.98, 0.98, 0.93, and 0.87, respectively). The CRP cutoff
values of 270mg/L, 250mg/L, 200mg/L, and 150mg/L on
POD 2, 3, 4 and 5, respectively, demonstrate a high diagnostic
value in terms of sensitivity, specificity, and NPV for esoph-
agogastric ALs after salvage transthoracic esophagectomy
following dCRT as shown in ►Table 3 and ►Table 4.

Our study further demonstrated that monitoring CRP
level dynamics across each postoperative day holds potential
as a useful strategy for promptly identifying patients at risk
of AL. Remarkably, we observed a significant correlation
between the magnitude of CRP level increase from POD 1
to 2 and POD 1 to 3 and the occurrence of AL.
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Discussion

Our relatively small study demonstrates that postoperative
CRP level is a reliable biomarker for early detection of AL after
salvage esophagectomy. According to the findings of this
study, serial postoperative CRP levels were able to detect a
significant difference between patients who experienced AL
and thosewho did not as early as the second POD. Notably, all

patients who were diagnosed with AL exhibited clinical
symptoms by POD 5 to 9 (median 8 days).

AL is one of the most serious complications after esoph-
agectomy, leading to sepsis, multiorgan failure, and mortality
ifdiagnosis and treatment aredelayed. It alsoaffects long-term
survival outcomes.9–11 In a recent review of the experience of
24 high-volume esophageal surgical centers worldwide, the
incidence of AL was reported at 11.4% of 2,704 patients who

Table 1 Demographic and clinicopathological characteristics in the study populations

Characteristics All patients
(n¼ 36)

Non-AL
(n¼33)

AL
(n¼ 3)

p-Value

Age, years, mean (SD) 59.06 (9.22) 59.12 (9.39) 58.33 (8.74) 0.893

Sex, male (%) 35 (97.2) 32 (97) 3 (100) 0.917

BMI, kg/m2, median (IQR) 20.14 (3.84) 20.28 (3.84) 19.57 (2.36) 0.474

ASA class, n (%)

I 15 (41.7) 14 (42.4) 1 (33.3) 0.627

II 21 (58.3) 19 (57.6) 2 (66.7)

Location of tumor, n (%)

Upper thoracic 2 (5.6) 1 (3) 1 (33.3) 0.059

Middle thoracic 22 (61.1) 20 (60.6) 2 (66.7)

Lower thoracic 12 (33) 12 (36.4) 0 (0)

Clinical stage, n (%)

II 7 (19.4) 7 (21.2) 0 (0) 0.512

III 29 (80.6) 26 (78.8) 3(100)

Indications for salvage surgery, n (%)

Residual disease 18 (50) 16 (48.5) 2 (66.7) 0.5

Recurrent disease 18 (50) 17 (51.5) 1 (33.3)

Radiation dose, Gy, median (IQR) 52.2 (12.6) 50.4 (9.6) 65 (16) 0.031

Interval time to surgery, days, median (IQR) 168.5 (107.25) 176 (110.5) 126 (64) 0.587

Surgical approach, n (%)

Ivor-Lewis esophagectomy 28 (77.8) 27 (81.8) 1 (33.3) 0.118

McKeown esophagectomy 8 (22.2) 6 (18.2) 2 (66.7)

Resection status, n (%)

R0 resection 34 (94.4) 31 (93.9) 3 (100) 0.838

R2 resection 2 (5.6) 2 (6.1) 0 (0)

Pathological response, n (%)

Complete response 17 (47.2) 16 (48.5) 1 (33.3) 0.543

Partial response 19 (52.8) 17 (51.5) 2 (66.7)

Operative time, median, minutes (IQR) 387.5 (38.75) 385 (35)) 440 (430)) 0.016

Estimated blood loss, median, mL (IQR) 170 (67.5) 170 (75) 240 (350) 0.027

Length of stay, median, days (IQR) 24 (11.25) 24 (7.5) 76 (47) 0.008

Overall complications, n (%)

No complications 22 (61.1) 22 (66.7) 0 (0) 0.000

Minor complications (Clavien–Dindo class � IIIa) 9 (25) 8 (24.2) 1 (33.3)

Major complications (Clavien–Dindo class � IIIB) 5 (13.9) 3 (9.1) 2 (66.7)

Reoperation, n (%) 4 (11.1) 2 (6.1) 2 (66.7) 0.027

Abbreviations: AL, anastomotic leakage; ASA, American Society of Anesthesiologists; BMI body mass index, IQR interquartile range, Gy Gray, mL
milliliters; SD, standard deviation.
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underwent esophagectomy.8 Salvage esophagectomy carries
higher morbidity and mortality than other esophagectomy
settings, including higher AL rates.1,2,4 Because of their ad-
vanced cancer stages and the aggressiveness of systemic
therapy in comparison to other settings of elective esophagec-
tomy, the consequences of AL are particularly severe in this
setting of salvage esophagectomy. Although several previous
studies demonstrated the role of CRP level inALdetection after
esophagectomy, no specific data in the context of salvage
esophagectomy were available.21–29 In addition, the reliable
cutoff value of CRP has not been established due to the study
populations’ heterogeneity. We considered whether patients
who received dCRTwith a higher radiation dose than preoper-
ative chemoradiation could have a greater degree of bone
suppression and have an impact on the postoperative inflam-
matory response and CRP level. Our findings show that dCRT
does not significantly compromise CRP’s ability to detect AL
after salvage esophagectomy, consistent with previous studies
showing no impact.25 The cutoff values of CRP at POD 2, 3, 4,
and 5 of 270, 250, 200, and 150mg/L respectively, are compa-
rable to the previous studies with various disease character-
istics and surgical techniques as shown in ►Table 5.

Although there is currently no evidence indicating that
early recognition of AL reduces mortality after esophagec-
tomy, it is reasonable to hypothesize that interval time to
treatment of esophageal leak could potentially yield similar
outcomes to those observed in esophageal perforation.30,31

The lack of evidence supporting the benefit of early detection
of AL following esophagectomy may strongly reflect that
there was no effort to seek out AL before clinical symptoms
became apparent. Additionally, routine contrast studies also
revealed low sensitivity and a high false negative rate for AL
detection in several studies.12,14,32 As a result, these led to a
lower possibility of early intervention for sealing the leak.
Such intervention has been proven to enhance the success of
defect closure through endoscopic treatments, including
self-expanding metallic stents (SEMS) and endoscopic vacu-
um therapy (EVT).31,33 Our results show that elevated CRP
levels above the cutoff value in the early postoperative
periods require early investigation to distinguish an actual
leak from other infectious complications, like pneumonia,
and that if CRP levels decrease below the cutoff value, AL can

Table 2 Mean CRP level on POD 1 to 5 between the AL and the non-AL group

Non-AL (n¼ 33) AL (n¼ 3) p-Value

CRP POD1, mean (�SD) 94.70 (�30.74) 119.67 (� 35.80) 0.29

CRP POD2 208.25 (�44.24) 301.84 (�54.70) 0.001

CRP POD3 190.40 (�56.70) 303.26 (�36.71) 0.002

CRP POD4 140.43 (�58.30) 252.52 (�60.95) 0.003

CRP POD5 105.37 (�59.81) 207.67 (�78.00) 0.037

DCRP POD2 & POD1 113.56 (�39.64) 182.17 (�18.90) 0.006

DCRP POD3 & POD1 95.70 (�54.19) 183.92 (�51.63) 0.011

DCRP POD3 & POD2 -17.85 (�32.48) 1.42 (�66.54) 0.373

Abbreviations: AL, anastomotic leakage; POD, postoperative day; CRP, C-reactive protein;DCRP POD (X) & POD (Y) difference between CRP level POD
(X) minus POD (Y).

Fig. 1 Graph comparing postoperative C-reactive protein (CRP) levels
between patients with and without anastomotic leakage (AL). (Bars
represent mean “standard deviation”).

Fig. 2 Receiver operating characteristic curves for the postoperative
C-reactive protein (CRP) levels for the development of anastomotic
leakage. CRP on postoperative day 2 to 5 was an independent
predictive marker of anastomotic leakage (AL) and had excellent
diagnostic accuracy for AL detection with area under the curve 0f
0.98, 0.98, 0.93, and 0.87, respectively. ROC, receiver operating
characteristic.
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be ruled out and an oral diet can be started later. These
conclusions are supported by the high sensitivity, high
negative predictive value (NPV), and low positive predictive
value of postoperative CRP level.

In this context, we propose an algorithm, as presented
in►Fig. 3, for monitoring andmanaging postesophagectomy
AL based on CRP level. By implementing a cutoff CRP value of
more than 250mg/L on POD 3 as a trigger for initiating
further study.We recommend that EGD should be performed
because several studies demonstrated high accuracy, and its
findings also predict future complications.34,35 Early diag-
nosis of AL can facilitate prophylactic endoscopic interven-
tions, including SEMS and EVT, aiming to improve outcomes
related to sepsis, the necessity for reoperation, and, most
importantly, mortality rates after salvage esophagectomy.
Additionally, a CRP level of less than 150mg/L on POD 5 can
be used to rule out AL because of the high NPV value of the
CRP level and oral diet could be considered. This strategymay
reduce the possibility of potential harms from unnecessary

investigations and shorten hospital stays. This concept is
supported by the study’s 100% NPV, which also makes it
possible to identify patients who are disease-free.

Despite the fact that our study is not the first to examine
the value of CRP levels following esophagectomy, the differ-
ence between our study and others is that it involved a
homogenous study population with dCRT for ESCC who
underwent salvage esophagectomy that was performed by
a single surgeon. The limitation of our study is its retrospec-
tive design and the small number of included participants. In
addition, several confounding variables, such as age, sex,
underlying illnesses, and laboratory regulations, whichmust
be considered when interpreting the results, limit the use of
CRP as a diagnostic tool. Future multicenter prospective
studies with large numbers of patients and a validated
activated protocol relevant to CRP level should be conducted.

In conclusion, our study suggests the potential role of
postoperative CRP levels as a sensitive biomarker for the
detection of AL following salvage esophagectomy.

Table 3 Diagnostic value of postoperative CRP for anastomotic leakage

Cutoff level (mg/L) AUC (95% CI) p-Value Sensitivity Specificity PPV NPV

CRP postoperative day 2 270 0.98 (0.935–1.00) 0.007 100% 97% 75% 100%

CRP postoperative day 3 250 0.98 (0.932–1.00) 0.007 100% 87.9% 42.9% 100%

CRP postoperative day 4 200 0.93 (0.83–1.00) 0.015 100% 84.8% 37.5% 100%

CRP postoperative day 5 150 0.87 (0.70–1.00) 0.037 66.7% 75.8% 20% 96.2%

Abbreviations: AUC, area under the curve; CI, confidence interval; CRP, C-reactive protein; NPV, negative predictive value; PPV, positive predictive
value; SN, sensitivity; SP, specificity.

Table 4 Factors associated with AL following esophagectomy

Clinical variables No AL (n¼ 33) AL (n¼ 3) p-Value�

Age, n (%)

< 60 years 16 (48.5) 2 (66.7) 0.5

� 60 years 17 (51.5) 1 (33.3)

Body mass index, n (%)

< 22 kg/m2 26 (78.8) 3 (100) 0.512

� 22 kg/m2 7 (21.2) 0 (0)

Postoperative CRP level at day 2, n (%)

< 270mg/L 32 (97) 0 (0) 0.001

> 270mg/L 1 (3) 3 (100)

Postoperative CRP level at day 3, n (%)

< 250mg/L 29 (87.9) 0 (0) 0.005

> 250mg/L 4 (12.1) 3 (100)

Postoperative CRP level at day 4, n (%)

< 200mg/L 28 (84.8) 0 (0) 0.008

> 200mg/L 4 (15.2) 3 (100)

Postoperative CRP level at day 5, n (%)

< 150mg/L 25 (75.8) 0 (0) 0.181

> 150mg/L 8 (24.2) 3 (100)

Abbreviations: AL, anastomotic leakage; CRP, C-reactive protein.
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