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Abstract: The aim of this study was to investigate the relationship between serum procalcitonin
(PCT) levels after esophagectomy and infectious complications and long-term prognosis. A total
of 105 patients who underwent esophagectomy between 2012 and 2019 were stratified into two
groups: PCT-High group of ≥1 ng/mL and PCT-Low group of <1 ng/mL. The clinical outcomes
and prognostic factors were compared between the two groups 2 postoperative days (POD), 4 POD,
and 7 POD after esophagectomy. As the postoperative days passed, the association between PCT
and infectious complications became stronger, and the positive predictive value was 100% at 7 POD.
At 2 POD, there was no significant association between PCT elevation and infectious complications.
Patients in the PCT-Low group had significantly worse overall survival (OS) and recurrence-free
survival (RFS) than those in the PCT-High group at 2 POD (p = 0.026 and p = 0.011, respectively).
In multivariate analysis, advanced pathological stage (hazard ratio (HR), 5.348; 95% confidence
interval (CI), 2.299–12.500; p < 0.001) and PCT-Low group at 2 POD (HR, 3.673; 95% CI, 1.116–12.092;
p = 0.032) were also independent predictors of worse OS. PCT in the early postoperative period after
esophagectomy could be a good predictor of prognosis.

Keywords: esophageal cancer; esophagectomy; procalcitonin

1. Introduction

Esophageal squamous cell carcinoma (ESCC) has high malignant potential and poor
prognosis, representing the sixth leading cause of cancer-related mortality worldwide,
with more than 500,000 deaths in 2020 [1]. ESCC is an intractable cancer, although it can
be expected to be completely cured at all stages except for distant metastatic cases. The
combination of endoscopic treatment, surgical treatment, chemotherapy, and radiation
therapy can be expected to improve the treatment results [2,3]. Esophagectomy is the
mainstay for esophageal cancer treatment at all stages, but is more invasive than other
treatments [4].

Serum procalcitonin (PCT) was firstly reported by Nylen et al., as a severe inflamma-
tory marker based on the results of a study investigating patients with burns in 1992 [5].
PCT is a peptide consisting of 116 amino acids, with a molecular weight of about 13 kDa,
and is normally synthesized in thyroid C cells as a precursor of calcitonin [6]. However, in
serious infections caused by bacteria, parasites, and fungi, inflammatory cytokines such as
TNF-α are produced by the action of cells and toxins [7]. In response to this stimulation,
PCT is produced/synthesized by several organs such as the lungs, kidneys, liver, fat cells,
and muscles, and is secreted into the blood [8].
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PCT is a specific marker of bacterial infection and has been reported as a predictor
of postoperative infectious complications after esophagectomy [9–12]. We hypothesized
that PCT is a predictor of infectious complications after esophagectomy, and of long-
term prognosis. In this study, we investigated the relationship between PCT levels after
esophagectomy and infectious complications and long-term prognosis.

2. Patients and Methods
2.1. Patients

We retrospectively collected the data of consecutive patients with ESCC who were
treated with esophagectomy at the Department of Surgery, Hamamatsu University School
of Medicine between October 2012 and May 2019. All data were collected from the patients’
electronic medical records. All procedures were conducted according to the institutional
and national standards on human experimentation and with the Declaration of Helsinki of
1964 and its later versions. The study was approved by the Ethics Committee of the Hama-
matsu University School of Medicine (IRB No. 17–165). The board waived the requirement
for written patient consent for the use of clinicopathological data, and all patients agreed
to participate through an optout approach. All patients underwent esophagogastroduo-
denoscopy (EGD) and computed tomography (CT) from the neck to the pelvis to determine
the clinical stage, which was diagnosed on the basis of the eighth edition of the Union for
International Cancer Control tumor, node, metastasis classification scheme [13].

Patients who met the following criteria were enrolled in this study: (1) age > 20 years,
(2) Eastern Cooperative Oncology Group performance status of 0 to 1, (3) histological
diagnosis of ESCC by endoscopic biopsy, (4) no double cancer, (5) radical esophagectomy,
(6) survival for at least 90 days after surgery, and (7) survived and were followed up for
>2 years. Patient ineligibility for study enrolment was based on the following exclusion
criteria: death within 90 days of surgery (n = 2), double cancer (n = 10), salvage surgery
(n = 12), staged operations (n = 1), and interruption of follow-up within 2 years (n = 6).
Finally, 105 patients were included in the study (Figure 1).
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2.2. Blood Assessment for PCT and Determination of the Cutoff Value

Blood samples were collected directly in the morning of postoperative day (POD)
2, 4, and 7. PCT levels were measured using the Elecsys BRAHMS PCT assay (Roche
Diagnostics GmbH, Mannheim, Germany) with an upper limit of 0.05 ng/mL. The cutoff
value for the diagnosis of sepsis was 0.5 ng/mL, and the cutoff value for the severity of
sepsis was 2.0 ng/mL. In this study, we set the cutoff value to 1.0 ng/mL, which is the
third quartile in the second POD to investigate the association between PCT level and
infectious complications after esophagectomy or long-term prognosis, with >1.0 ng/mL in
the PCT-High group and <1.0 in the PCT-Low group.
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2.3. Treatment and Postoperative Complications

Neoadjuvant chemotherapy was performed as a standard treatment for patients with
non-Stage I ESCC. The treatment regimen was a combination of cisplatin and 5-fluorouracil
or a combination of docetaxel, cisplatin, and 5-fluorouracil. Transthoracic esophagectomy
with two- or three-field LN dissection and gastric conduit reconstruction via the posterior
mediastinal route was performed as a standard surgical procedure at our institution [14].
In the thoracic approach, video-assisted or robot-assisted thoracoscopic surgery in the
prone or the hybrid position was generally adopted [14]. Thoracotomy was performed
for patients who refused thoracoscopy or were enrolled in another clinical trial [14]. Re-
construction using the right hemi-colon was performed when the stomach could not be
used owing to a previous history of gastrectomy [15]. Postoperative complications were
evaluated for pneumonia, anastomotic leakage (AL), and surgical site infection (SSI) using
the Clavien–Dindo classification [16,17]. Complications of grade 2 or higher were identified
as postoperative complications. Infectious complications included AL, pneumonia, SSI,
pyothorax, and sepsis. Methylprednisolone was administered to the patients from 2 days
before to 2 days after surgery.

2.4. Follow-Up

Postoperative follow-up was performed using CT every 6 months and EGD annually
for 5 years after surgery [15]. Recurrence-free survival (RFS) was calculated from the time of
surgery to the day of recurrence of esophageal cancer. Overall survival (OS) was calculated
from the time of surgery to the day of death. Patients were followed up until death or until
the end of the study (30 November 2021). Patients who interrupted follow-up or under
follow were recognized as censored, and RFS and OS were calculated based on the days
until censoring.

2.5. Statistical Analysis

The Statistical Package for the Social Sciences version 27.0 software (IBM Corp., Ar-
monk, NY, USA) was used to conduct all statistical analyses. Categorical data were analyzed
using Fisher’s exact test or the chi-square test where appropriate. Unpaired Student’s t-tests
were used to analyze the quantitative data. A p value of <0.05 was considered statistically
significant. Survival outcomes were analyzed using the Kaplan–Meier method and log-rank
tests. Univariate and multivariate comparisons of survival time were performed based on
Cox regression.

3. Results
3.1. Patient Characteristics

The characteristics of all study participants are shown in Table 1. The median age of
the study population was 67 (range: 42–82) years, and most patients were male (87.6%). In
almost half of the included patients, the tumor location was the middle esophagus (57.1%)
and the cStage was I (45.7%).

The median PCT on 2 POD after esophagectomy was 0.35 (range: 0.05–8.57) ng/mL,
and when 1 ng/mL was adopted as a cutoff and the patients were divided into two groups,
26 patients were in the PCT-High group (24.8%) and 79 patients were in the PCT-Low
group (75.2%) at 2 POD. The clinicopathological features between the PCT-High group and
PCT-Low group at 2 POD are shown in Table 1. There was no significant difference in the
clinical stage between the PCT-High group and PCT-Low group (p = 0.140). There were also
no significant differences in the following perioperative factors: thoracotomy, laparotomy,
LN dissection, reconstructed organ, operation time, and blood loss. Multidisciplinary
team support was significantly more common in the PCT-High group compared with the
PCT-Low group (69.2% vs. 40.5%, p = 0.011). Postoperative infectious complications were
not significantly different between the two groups, and PCT at 2 POD after esophagectomy
was not associated with postoperative infectious complications. There were no significant
differences in pStage or the proportion of postoperative adjuvant therapy between the
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two groups; however, the rate of regional LN recurrence was significantly lower in the
PCT-High group compared with the PCT-Low group (7.7% vs. 30.4%, p = 0.020).

Table 1. Clinicopathological characteristics between PCT-High and PCT-Low at 2 POD.

All Cases
n = 105

PCT-High
n = 26

PCT-Low
n = 79 p Value

Age (median, years) † 67 (42–82) 66 (48–78) 67 (42–82) 0.992
Sex (%) 0.880

Male 92 (87.6%) 23 (88.5%) 69 (87.3%)
Female 13 (12.4%) 3 (11.5%) 10 (12.7%)

Preoperative body weight (median, kg) † 57.3 (36.0–82.0) 56.4 (41.6–78.3) 58.2 (36.0–82.0) 0.796
Preoperative BMI (median, kg/m2) † 21.2 (14.2–28.9) 21.3 (16.2–28.1) 21.1 (14.2–28.9) 0.749
Location of tumor (%) 0.162

Ut 11 (10.5%) 2 (7.7%) 9 (11.4%)
Mt 60 (57.1%) 19 (73.1%) 41 (51.9%)
Lt and Ae 34 (32.4%) 5 (19.2%) 29 (36.7%)

Clinical Stage, TNM 8th (%) 0.140
Stage I 48 (45.7%) 11 (42.3%) 37 (46.8%)
Stage II 26 (24.8%) 4 (15.4%) 22 (27.8%)
Stage III 28 (26.7%) 11 (42.3%) 17 (21.5%)
Stage IVA 3 (2.9%) 0 (0.0%) 3 (3.8%)

Preoperative therapy (%) 0.952
None 56 (53.3%) 14 (53.8%) 42 (53.2%)
NAC 49 (46.7%) 12 (46.2%) 37 (46.8%)

Multidisciplinary team support (%) 50 (47.6%) 18 (69.2%) 32 (40.5%) 0.011
Thoracotomy (%) 0.776

Open 54 (51.4%) 14 (53.8%) 40 (50.6%)
MIE 51 (48.6%) 12 (46.2%) 39 (49.4%)

Laparotomy (%) 0.602
Open 45 (42.9%) 10 (38.5%) 35 (44.3%)
Laparoscopy 60 (57.1%) 16 (61.5%) 44 (55.7%)

LN dissection (%) 0.128
2-field 13 (12.4%) 1 (3.8%) 12 (15.2%)
3-field 92 (87.6%) 25 (96.2%) 67 (84.8%)

Reconstruct organ (%) 0.105
Gastric conduit 99 (94.3%) 26 (100%) 73 (92.4%)
Colon conduit 6 (5.7%) 0 (0%) 6 (7.6%)

Jejunostomy (%) 54 (51.4%) 10 (38.5%) 44 (55.7%) 0.127
Operation time (median, min) † 600 (318–1008) 628 (370–1008) 599 (318–982) 0.823
Blood loss (median, mL) † 345 (21–16,340) 407 (35–1670) 323 (21–16,340) 0.577
Complications, C–D grade, ≥2 (%)

All infectious complications 53 (50.5%) 12 (46.2%) 41 (51.9%) 0.611
AL 16 (15.2%) 5 (19.2%) 11 (13.9%) 0.514
Pneumonia 31 (29.5%) 6 (23.1%) 25 (31.6%) 0.406
SSI 15 (14.3%) 4 (15.4%) 11 (13.9%) 0.854

Pathological stage, TNM 8th (%) 0.659
Stage 0 3 (2.9%) 0 (0%) 3 (3.8%)
Stage IA/IB 33 (31.4%) 10 (38.5%) 23 (29.1%)
Stage IIA/IIB 21 (20.0%) 5 (19.2%) 16 (20.3%)
Stage IIIA/IIIB 34 (32.4%) 9 (34.6%) 25 (31.6%)
Stage IVA/IVB 14 (13.3%) 2 (7.7%) 12 (15.2%)

Adjuvant therapy (%) 0.127
None 59 (56.2%) 19 (73.1%) 40 (50.6%)
Chemotherapy 45 (42.9%) 7 (26.9%) 38 (48.1%)
Radiation 1 (1.0%) 0 (0%) 1 (1.3%)

2 POD serum procalcitonin level (ng/mL) † 0.53 (0.05–8.57) 1.67 (1.00–8.57) 0.35 (0.05–0.93) <0.001
Recurrence site * (%)

Local recurrence 6 (5.7%) 1 (3.8%) 5 (6.3%) 0.636
Regional LN 26 (24.8%) 2 (7.7%) 24 (30.4%) 0.020
Distant organ 17 (16.2%) 3 (11.5%) 14 (17.7%) 0.458

Death unrelated to esophageal cancer (%) 3 (2.9%) 2 (7.7%) 1 (1.3%) 0.088

† Values are presented as median (range). * Some patients displayed multiple sites of recurrence. PCT: procalcitonin,
BMI: body mass index, Ut: upper thoracic esophagus, Mt: middle thoracic esophagus, Lt: lower thoracic esophagus,
Ae: abdominal esophagus, NAC: neoadjuvant chemotherapy, MIE: minimal invasive esophagectomy, LN: lymph
node, C–D: Clavien–Dindo, AL: anastomotic leakage, SSI: surgical site infection, POD: postoperative day.
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3.2. Relationship between PCT and Postoperative Infectious Complications at 2 POD, 4 POD, and
7 POD

The relationships between PCT and postoperative infectious complications at 2 POD,
4 POD, and 7 POD are shown in Table 2. Twelve of the 26 patients (46.2%) of the PCT-High
group at 2 POD had infectious complications after 2 POD, and there was no association
between PCT levels and infectious complications at this time. Infectious complications
were observed in seven of nine cases (77.8%) in the PCT-High group at 4 POD, and PCT
elevation was slightly related to infectious complications at 4 POD (p = 0.106). All six
cases in the PCT-High group had infectious complications at 7 POD, and there was a
significant correlation between PCT elevation and postoperative infectious complications
after esophagectomy at 7 POD (p = 0.017). As the postoperative days passed, the association
between PCT and infectious complications became stronger, and the positive predictive
value was 100% at 7 POD. At 2 POD, there was no association between PCT elevation and
infectious complications, and PCT elevation was considered a false positive associated with
surgical invasion.

Table 2. The relationship between PCT level and infectious complications.

All Cases
Infectious

Complication
(+)

Infectious
Complication

(−)
p-Value

2 POD serum
procalcitonin
level (ng/mL)

105 53 52 0.611

≥1 26 (24.8%) 12 (46.2%) 14 (53.8%)
<1 79 (75.2%) 41 (51.9%) 38 (48.1%)

4 POD serum
procalcitonin
level (ng/mL)

84 44 40 0.106

≥1 9 (10.7%) 7(77.8%) 2 (22.2%)
<1 75 (89.3%) 37 (49.3%) 38 (50.7%)

7 POD serum
procalcitonin
level (ng/mL)

98 52 46 0.017

≥1 6 (6.1%) 6 (100%) 0 (0%)
<1 92 (93.9%) 46 (50.0%) 46 (50.0%)

PCT, procalcitonin; POD, postoperative day.

3.3. Patient Survival and Disease Recurrence

The Kaplan–Meier curves for OS and RFS comparing the PCT-High and PCT-Low
groups at 2 POD are shown in Figure 2. The median observation period for all cases was
42.5 (range: 5.6–84.5) months. Patients in the PCT-Low group had significantly worse OS
and RFS than those in the PCT-High group (p = 0.026 and p = 0.011, respectively). The
5-year OS and RFS rates were 86.8% and 83.8%, respectively, in the PCT-High group, and
62.6% and 55.4%, respectively, in the PCT-Low group. However, there were no significant
differences in OS and RFS between the PCT-two groups on 4 POD and 7 POD (Figure 3).

Table 3 shows the prognostic factors for patients who underwent esophagectomy.
In univariate analysis, advanced pathological stage (≥II) and PCT-Low group at 2 POD
were associated with a worse OS (p < 0.001, and p = 0.037, respectively). Postoperative
complications (AL, pneumonia, and SSI) were not associated with OS. In multivariate
analysis, advanced pathological stage (HR, 5.348; 95% CI, 2.299–12.500; p < 0.001) and
PCT-Low group at 2 POD (HR, 3.673; 95% CI, 1.116–12.092; p = 0.032) were independent
predictors of poorer OS.
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Figure 2. Kaplan–Meier curves for OS between the PCT-High group and PCT-Low group at 2 POD
(a). RFS between the PCT-High group and PCT-Low group at 2 POD (b).
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Figure 3. Kaplan–Meier curves for OS between the PCT-High group and PCT-Low group at 4 POD
(a), and 7 POD (b).
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Table 3. Independent factors of clinicopathological, surgical, and pathological features on shorter
overall survival.

Univariate Analysis Multivariate Analysis

HR p 95% CI HR p 95% CI

Age (years) 1.032 0.234 0.980–1.087
Gender (Male vs. Female) 2.132 0.136 0.787–5.780
Multidisciplinary team support (+ vs. −) 1.295 0.475 0.636–2.639
Thoracotomy (Open vs. MIE) 1.12 0.754 0.552–2.273
Laparotomy (Open vs. Laparoscopy) 1.063 0.735 0.746–1.514
LN dissection (2-field vs. 3-field) 2.235 0.078 0.914–5.467
All infectious complications (+ vs. −) 1.299 0.478 0.631–2.677
AL (+ vs. −) 1.627 0.219 0.749–3.534
Pneumonia (+ vs. −) 0.959 0.917 0.442–2.084
SSI (+ vs. −) 1.756 0.122 0.860–3.584
Pathological stage (≥II vs. <II) 5.263 <0.001 2.257–12.195 5.348 <0.001 2.299–12.500
2 POD serum procalcitonin level (<1 vs. ≥1) 3.553 0.037 1.080–11.695 3.673 0.032 1.116–12.092

HR, hazard ratio; CI, confidence interval; MIE, minimal invasive esophagectomy; AL, anastomotic leakage; SSI,
surgical site infection; POD, postoperative day.

4. Discussion

In this study, high PCT levels correlated with infectious complications at 4 POD and
7 POD, suggesting that PCT is a serum marker specific to infectious complications. In
particular, the increase in PCT at 7 POD showed a 100% positive predictive value for
infectious complications after esophagectomy. It has been reported that increased serum
PCT after minimally invasive esophagectomy is associated with AL [9]. In cases where PCT
is elevated at 7 POD, interventions such as antibiotic administration should be taken into
consideration for infectious complications, including AL. However, it has been reported
that the PCT becomes false positive at the time of severe invasiveness, such as in the case
of severe trauma or in some diseases; however, no previous study has reported on the
significance of the PCT false positive [6,18–20]. Bacterial toxins such as endotoxins act
directly, and inflammatory mediators such as cytokines act indirectly, all of which are
thought to enhance the elevation of PCT [21]. Therefore, it is considered that the PCT
elevation immediately after esophagectomy was caused by inflammatory cytokines such as
TNF-α, IL-1, and IL-6 [22].

We previously reported that the intensive postoperative inflammatory response after
esophagectomy was significantly correlated with poor OS [23,24]. Surprisingly, in this
study, high PCT levels in the early postoperative period were significantly correlated
with good OS, suggesting that elevated PCT in the early postoperative period is not an
inflammatory response, but a positive response for survival. We also previously reported
that multidisciplinary team support was associated with a significant reduction in the
incidence of postoperative pneumonia and significantly less weight loss [25]. The multidis-
ciplinary team support included preoperative rehabilitation. In this study, multidisciplinary
team support was significantly more common in the PCT-High group compared with the
PCT-Low group at 2 POD. It is possible that preoperative team support boosts immunity
preoperatively and increases the PCT level immediately after esophagectomy [26].

There are two possible reasons that an elevation in PCT without bacterial infection
improves prognosis. First, PCT secreted into the blood induces monocyte migration
and enhances the phagocytic ability of bacteria and, simultaneously, PCT activates T
lymphocytes and promotes biological defense [18]. It has been reported that the expression
of T lymphocytes after esophagectomy for ESCC reduces the recurrence of esophageal
cancer and improves the prognosis [27]. In this study, both RFS and OS were better in the
PCT-High group compared with those in the PCT-Low group at 2 POD, suggesting that the
expression of PCT without bacterial infection induces T lymphocytes after esophagectomy
and improves the prognosis.
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Second, it is possible that antiserum reactive to PCT was produced in the PCT-High
group at 2 POD. Indeed, previous animal studies have shown that administration of anti-
PCT serum in a sepsis-induced model improves prognosis [18,28]. The anti-PCT serum,
which was originally produced to reduce the severity of sepsis, may have suppressed
the recurrence of esophageal cancer by being produced in a situation without bacterial
infection. The rate of regional LN recurrence was significantly lower in the PCT-High group
compared with the PCT-Low group at 2 POD (7.7% vs. 30.4%, p = 0.020). It is possible that
anti-PCT serum suppressed regional LN recurrence after esophagectomy.

Recent studies have demonstrated the effectiveness of immune checkpoint inhibitors
(ICIs) after esophagectomy for esophageal cancer as a postoperative adjuvant therapy [29].
The target selection is critical for postoperative adjuvant therapy, and the PCT-Low group
could be the target of ICI administration after esophagectomy. The PCT-High group may
have increased immunity owing to higher levels of T lymphocytes after esophagectomy,
which would have prevented recurrence and improved prognosis by acting as an adju-
vant ICI therapy, whereas the PCT-Low group might have not promoted immunity after
esophagectomy [18]. Therefore, the administration of ICI to the PCT-Low group promoted
immunity and could improve the prognosis after esophagectomy. PCT has been shown
to be a specific serum marker for bacterial infection after 4 POD; however, PCT at 2 POD
would be a predictor of prognosis after esophagectomy for esophageal cancer.

This study has some limitations that warrant discussion. The main limitation of our
study is that the retrospective investigation was based on a small number of patients
belonging to only one institution. Second, the measurement of PCT was performed at three
points on the second, fourth, and seventh days after esophagectomy. An external validation
study involving sufficient patients is needed to confirm our findings.

5. Conclusions

Esophagectomy is more invasive than other gastrointestinal surgeries and is associated
with infectious complications [30]. PCT is a predictor of infectious complications after
esophagectomy.

Our study demonstrated that high PCT levels in the early postoperative days after
esophagectomy, as a first-line treatment for ESCC, are not statistically correlated to bacterial
infections, being a good biomarker for prognosis.
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