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Background: A novel colorectal cancer center (CCC) was developed in the Shanghai Tenth People’s
hospital of Tongji University during the COVID-19 epidemic. In this study, we aimed to evaluate the CCC
model in terms of three aspects.

Methods: This retrospective study used data from the Shanghai Tenth People’s hospital patient databases.
The research hypothesis was that the CCC reduces preoperative waiting time (PW'T), length of hospital stay
(LOS), and costs of hospitalization, without reducing the quality of surgery. Thus, we compared the time,
cost, and quality between March 1 to December 31, 2019, and March 1 to December 31, 2020. Descriptive
and inferential analyses of patient demographic characteristics, time, postoperative outcomes, and inpatient
costs were conducted.

Results: A total of 965 hospitalizations for colorectal cancer (CRC) were identified—415 in 2019 and 550
in 2020. In the CCC, PWT declined by 26.2 hours (P<0.01). Patients in the CCC express group only needed
to wait for 24.5 hours before undergoing surgery, with a shorter LOS than the normal group (P<0.01). None
of the patients had any symptoms of COVID-19 or were high-risk COVID-19 contacts, and the incidence
of immediate postoperative complications was low. The mean total inpatient cost (TIC) for all patients with
CRC was 78,309.824 Chinese Yuan in 2020, which was slightly lower than that in 2019.

Conclusions: This study found that the centralized management model for CRC care could help patients
save the PWT, LOS and costs of hospitalization during the COVID-19 epidemic.
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Introduction

Colorectal cancer (CRC) is among the leading causes of
death worldwide and represents a major public health
problem (1,2). In China, this problem is particularly serious
due to the increased incidence of CRC. According to the
Global Cancer Observatory, CRC ranks second highest
among all cancers; in 2020, 555,477 patients were newly
diagnosed with CRC in China and 286,162 patients with
CRC died (3). Surgery is the foundation of curative therapy
for CRC, and timely access to surgery is crucial (4-6). Several
large retrospective cohort studies have demonstrated worse
outcomes with surgical delay, such as tumor progression,
increased complications, and recurrence, all of which were
associated with worse overall survival (7-10).

The emergence of coronavirus disease 2019 (COVID-19)
placed a great deal of strain on both the healthcare system
and the population (11,12). Healthcare providers saw
traditional surgical practices have been questioned or
suspended. The safety of patients and healthcare workers
had to be considered, particularly during aerosol-generating
medical procedures such as endoscopy and laparoscopic
surgery. Moreover, the health-secking behaviors of patients
may have changed because of fears that hospitals are high-
risk areas for COVID-19 infection; thus, patients may have
delayed presentation until particularly prominent symptoms
develop (13).

The challenges faced by hospital leadership, including
the prevention or control the COVID-19 epidemic
and saving sick patients by treating the disease, are of
unprecedented importance in this time of crisis. Therefore,
hospital infrastructure should be reorganized to allow for a
safe flow of patients within the hospital, maintaining social
distance as an institutional practice. These required changes
present both challenges as well as opportunities.

It is well known that the diagnosis and treatment of CRC
are multidisciplinary, and involve very complex procedures
(14,15). The centralized management model is a method of
providing complex procedural care to the population, with
regulations or policies ranging from unregulated free flows
to single-center centralization (16). Centralization is a way
to improve the efficiency of hospital services (17). However,
to date, no specific guidance has been issued on how to
best modify CRC service provision during the COVID-19
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pandemic. There is an opportunity to restructure existing
resources to establish a colorectal cancer center (CCC),
making use of the centralized management model to deliver
integrated healthcare to improve CRC service capability
and optimize service efficiency. In addition, an exceptional
express model formed in the CCC based on the integration
of resources and service may provide patients with a faster
and better medical experience.

This study aimed to assess the ability of a hospital’s
centralized and team-based model of care to adapt to the
pandemic by evaluating the wait times before surgery
and the length of hospital stay (LOS) for CRC patients,
compared with a similar period in the previous year. We
also sought to evaluate the feasibility of the express model,
including in terms of postoperative quality improvement
and cost reduction, compared with the traditional surgery
model.

We present the following article in accordance with
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-7030/rc).

Methods
Data sources and main measures

The research hypothesis was that CCCs could reduce
the preoperative waiting time (PW'T), LOS, and cost
of hospitalization without reducing the quality of the
surgery. Thus, to assess each of these factors, we analyzed
the following three aspects: time, cost, and quality. We
compared the outcomes from March 1 to December 31,
2019, with those from March 1 to December 31, 2020
(comparison 1, denoted as year*). We then selected the
data from Dr. Liu’s team for a comparison across the same
two time periods because this team was the first team to
participate in the CCC pilot (comparison 2, denoted as
year'). We also compared CCC patients with non-CCC
patients (comparison 3, denoted as CCC), and express
patients with normal patients (comparison 4, denoted as
express).

Descriptive analyses and significance tests were
performed for each comparison, and the significant
covariates were then included in the linear regression

models, which estimated the net effects of year*, year',
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CCC, and express. This process allowed us to be relatively
confident that the significant differences observed in the
four comparisons outlined above did not result from other
factors. The research was conducted in Shanghai, which
is the largest city in China and has high-quality medical
resources. The first CCC was established in the Shanghai
Tenth People’s Hospital of Tongji University, which is the
most renowned cancer treatment institution in Shanghai,
especially for CRC.

Data were extracted from patient databases of the study
hospital, including the health information system, clinical
information system, anesthesia information management
system, and picture archiving and communication
system databases. These databases were not connected
automatically; thus, we used the patients’ social medical
insurance identification numbers as a unique identifier to
connect the databases. All procedures performed in this
study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013). This
study has been approved by the Ethics Committee of the
Shanghai Tenth People’s Hospital of Tongji University
(No. SHSY-IEC-4.1/20-272/01). Informed consent
was obtained from all participants who took part in this
study. We identified in patients with CRC using the
International Classification of Diseases-10 codes in the
health information system database, and obtained these
inpatients’ identification numbers, which we used to extract
their information from the other databases. We gathered
data from March to December 2020 because the CCC was
not in operation prior to March 2020, and data were also
gathered from the same period in 2019 for comparison,
allowing us to perform the abovementioned comparisons
for Dr. Liu’s group (before vs. after), CCC vs. non-CCC
patients, and express vs. normal patients.

Time, the first outcome aspect, was operationalized as
PWT and LOS. PWT refers to the amount of time from
hospitalization to surgery (measured in hours), and LOS
refers to the length of time from hospitalization to discharge
(measured in days). Quality, the second outcome dimension,
was operationalized as postoperative complications,
including the total number of postoperative complications
and presence/absence of the most common postoperative
complications (respiratory tract infection, urinary tract
infection, surgical site infection, anastomotic leakage, and
anastomotic bleeding), as well as surgery outcome, which
was categorized as cured, improving, unhealed, death, or
other. Cost, the third outcome aspect, was operationalized
as the total inpatient cost (TIC), cost structure (costs of
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prescription drugs, consumables, testing, physician/nurse
services, and other items), and patients’ out-of-pocket
(OOP) costs.

Additionally, we collected data on demographic
variables, including gender, age, household registration,
medical insurance, and complications. Medical insurance
was categorized as local urban employee basic medical
insurance, local urban and rural resident basic medical
insurance, or basic medical insurance of another province.
The surgery method variable was categorized as left
hemicolectomy, right hemicolectomy, transverse colectomy,
sigmoid colectomy, or radical resection of rectum.

Strategies in the CCC

The centralized management model

In China, the multidisciplinary team (MDT) concept
has been widely accepted among government health
authorities and hospital officials (18,19). As the Cancer
Center of Tongji University, the Shanghai Tenth People’s
hospital of Tongji University has also become the first pilot
hospital for multi-disciplinary diagnosis and treatment of
digestive system tumors designated by the National Health
Commission of the People’s Republic of China (20). Hence,
this cancer center began to explore the multidisciplinary
collaboration model of CRC treatment. However, this
model works mainly through online consultation, and the
department silos in the cancer center have not been broken
down entirely.

Mature competencies among leaders and specialized
multidisciplinary centers are thought to be the key factors in
promoting CRC treatment. Substantial reform stake time,
particularly due to the renovation of the layout of existing
clinics or construction of new clinics in the limited space for
expansion, which is costly and time consuming (21). Since
the outbreak of COVID-19, a series of infection-prevention
policies (i.e., stay-at-home orders) have been implemented,
and regular outpatient visits have been postponed. The
number of patients has thus decreased significantly, making
it possible to rebuild the outpatient clinic layout.

At the beginning of January2020, meetings were held
with all stakeholder groups, and the decision was made
to create a CCC combining gastroenterology, endoscopy,
general surgery, nutrition, and oncology in one location
using the centralized management model. Through this
model, the patient experience in the process can ultimately
lead to the delivery of more timely and efficient care (22).
Following a series of measures, the CCC was initiated on
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March 1, 2020.

Personnel structure

The president of the hospital, Dr. Qin, who is a CRC
specialist as well as a hospital management expert, leads
the CCC as the executive director of the center. An
excellent endoscopist, Dr. Z Liu, with more than 10 years’
experience in endoscopic submucosal dissection; and a
gastrointestinal surgery specialist, Dr. F Liu, who is highly
skilled in laparoscopic radical resection of CRC, both serve
as the executive deputy directors of the center. A Cancer
Committee, including in-hospital and external specialists
in general surgery, gastroenterology, endoscopy, neurology,
pathology, radiology, oncology, anesthesiology, nursing
management, and primary care, was established to set
standards and monitor quality.

Layout design

The construction administrators considered the effect of
the layout design, such as flow direction, on the patient
experience and quality of care delivered in the clinic under
the epidemic prevention and control policies in effect.
An outpatient-based center of excellence was set up by
modifying the existing standard outpatient clinic layout.
In addition to the standard consultation rooms, the related
diagnostic and technology area and procedure rooms for
treatment and nursing care were combined to create a
“one-stop shopping” experience for patients. Blood and
tissue samples can also be taken in this area and then
sent to labs through a pneumatic tube system or another
logistics transmission system (Figure I). This layout design
laid the foundation for sequential therapy, facilitating the
achievement of improved throughput, increased patient
access, and shortened LOS for patients with CRC.

Diagnostic process and express group inclusion criteria
Special diagnosis and treatment processes for patients with
CRC were constructed under the centralized management
model (Figure 2). The HistoCore PELORIS 3 produced by
Leica Biosystems was added into the procedure to achieve
rapid tissue processing, and the pathology report could
be obtained in 4-5 hours; this facilitated CRC diagnosis
through polyps and early carcinogenesis. Moreover, patients
who met the inclusion criteria, which were determined by
the Cancer Committee with reference to the “Guidelines
for the Preoperative System Evaluation and Treatment of
Elderly in the United States”, were included into an express
model (Figure 3). Patients in the express model could
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enjoy faster endoscopic pathology, hospitalization, and
preoperative examination than normal patients.

Statistical analysis

The data were processed and analyzed using R Studio,
Version 1.2.1335 (RStudio, Inc.). Descriptive [mean,
min., max., and standard deviation (SD)] and inferential
(chi-square test and F test) analyses were performed for
each comparison described above. Ordinary least squares
regression models were used to determine which factors
were significant for predicting PWT (models 1-4), LOS
(models 5-8), TIC (models 9-12), cost of prescription drugs
(models 13-16), cost of consumables (CC) (models 17-20),
cost of testing (models 21-24), and OOP (models 25-28).
After the significant covariates were identified, covariance
tests were performed to test the net effects of year*, year',
CCC, and express. The threshold of statistical significance
was set at P<0.05 (two-tailed).

Results
Characteristics of patients with CRC

A total of 965 hospitalizations for CRC were
identified—415 in 2019 and 550 in 2020. Most baseline
patient characteristics were comparable across each pair
of groups in the four comparisons. More than half of the
patients in 2020 (n=285, 51.82%) had comorbidities, which
was higher than the percentage of 2019 patients with
comorbidities (n=148, 35.66%, P<0.001), and the mean
number of comorbidities was also higher in 2020 than in
2019 (0.669+0.741 wvs. 0.487+0.732, P<0.001). Age, gender,
and comorbidities were similar between patients who chose
the CCC and those who did not [age: 64.971+11.694 vs.
65.926+11.992, P=0.878; gender (male): n=183, 59.6109%
vs. n=152, 62.551%, P=0.539; comorbidities (yes): n=150,
48.860% wvs. n=135, 55.556%, P=0.140]. However, patients
from Shanghai made up a larger percentage of the CCC
group than of the non-CCC group (n=212, 69.0555% uvs.
n=138, 56.790%, P=0.04), and patients without health
insurance made up a smaller percentage of the CCC group
than of the non-CCC group (n=31, 10.098% vs. n=41,
16.872%, P=0.002). Patients in the CCC express model
were younger (62.6£12.072 vs. 65.8£10.273, P<0.05) and in
less serious condition (incidence of comorbidities: 37.037%
vs. 53.097%, P=0.019; incidence of cardiovascular disease:
32.099% vs. 47.788%, P=0.021), compared with normal
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Figure 1 Layout of the colorectal cancer center. ERCP, endoscopic retrograde cholangiopancreatography.

patients (Table I).

Time comparison

Both PWT and LOS were shorter following application
of the centralized management model in the CCC (Tuble
2). For patients treated by the team of doctors using the
centralized management model, PWT was shortened by
26.2 hours in 2020 (133.060 vs. 106.822, P=0.003). For
patients in the CCC-express group, the PW'T was only 24.5
hours before surgery, and these patients also had a shorter
LOS compared with the normal group (10.963 vs. 17.217,
P<0.001). In the regression analysis of all factors affecting
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LOS, we observed that sigmoid colectomy was a significant
covariate. After controlling for this covariate, the time
differences across the four comparisons did not change.
This means that the net effects of year*, year', and CCC
were statistically significant (Figure 4 and Table S1).

Postoperative outcomes

During the COVID-19 lockdown period, no patients had
any COVID-19 symptoms or high-risk contacts. The
incidence of immediate postoperative complications was
low and similar across each of the four comparisons (Figure
5). Surgical outcome was also generally similar across each
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Figure 3 Inclusion criteria of the express group. CSCO, Chinese society of clinical oncology; ESD, endoscopic submucosal dissection.

of the four comparisons (Figure 6).

Cost

The mean TIC for each patient among all patients with
CRC was 78,309.824 Chinese Yuan (Figure 7 and Table S2).
Costs were slightly (but not significantly) lower in 2020
than in 2019, and the cost composition differed between the
2 years (Table 3). After controlling for other covariates (LOS
and number of comorbidities), the cost of physician/nurse
services for all 2020 patients (and for the 2020 patients
treated by Dr. Liu’s team) increased significantly compared
with the costs for patients treated in 2019 (P<0.005) (7able
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4). The only cost that markedly decreased from 2019 to
2020 was the consumables cost for patients treated by Dr.
Liu’s team (27,609.098 vs. 25,054.252, P=0.023). The cost
composition was similar for CCC and non-CCC patients,
and only drug costs were significantly lower in the CCC
express group than in the normal group (70,276.564 vs.
74,773.793, P=0.042). OOP expenses did not differ in any
of the examined comparisons (Figure 8, Tables S3,54).

Discussion

Presently, multidisciplinary cancer care is considered
standard for the management of patients with cancer
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Table 2 Covariance test for length of hospital stay

LOS (days)

Category
Df. Sum Sqg. Mean Sq. F value P

Category 1
Sigmoid colectomy 1 1,665 1,664 20.046 0.000***

Year 1 1 1 0.012 0.912
Residuals 962 79,880 83 - -
Category 2

Sigmoid colectomy 1 805 805.0 10.726 0.001*

Year 1 144 143.7 1914 0.167
Residuals 434 32,573  75.1 - -
Category 3

Sigmoid colectomy 1 986 986.4 12.199 0.000***

CCC 1 758 758.2  9.377 0.002**
Residuals 547 44,233  80.9 - -
Category 4

Sigmoid colectomy 1 752 752.3 11.81 0.000***
Express 1 2,113 2,112.6 33.16 0.000***
Residuals 304 19,367 63.7 - -

Eight OLS regression models were used to identify the
significant factors for predicting preoperative waiting time
(models 1-4) and length of hospital stay (models 5-8). In
these models, age, gender, household registration, insurance,
comorbidities (pneumonia/respiratory tract infection, diabetes
mellitus, kidney disease, and cirrhosis), surgical approach (left
hemicolectomy, right hemicolectomy, transverse colectomy,
sigmoid colectomy, or radical resection of rectum)—all examined
variables except for the comparison variables of interest (i.e.,
year, CCC, and express)—were considered. The significance
of the examined variables varied among the different models
in terms of the two dependent variables (preoperative waiting
time and length of hospital stay). No significant covariates were
found in models 1-4, while sigmoid colectomy was found to be
significant after controlling for other variables in models 5-8. The
covariance test was performed only for significant comparison
categories. **, P<0.01; ***, P<0.001. LOS, length of hospital stay;
CCC, colorectal cancer center; OLS, ordinary least squares; Df,
degree of freedom; Sq, squared.
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Figure 4 Comparisons of preoperative waiting time and length of hospital stay. (I) Comparison 1 is divided by year, including all CCPs,
comparing the periods of March to December 2019 and March to December 2020. Comparison 2 included only patients treated by Dr. Z
Liu’s team. Comparison 3 compared CCC and non-CCC patients from March to December 2020. Comparison 4 compared express and
non-express CCC patients. (II) PWT/hours: the ANOVA test results for comparisons 1-4 were F=23.56 (P<0.001), F=9.143 (P=0.003),
F=39.350 (P<0.001), and F=169.500 (P<0.001), respectively. (III) LOS/days: the ANOVA test results for comparisons 1-4 were F=1.197
(P=0.274), F=0.424 (P=0.516), F=10.850 (P<0.001), and F=35.740 (P<0.001), respectively. *, comparison between the outcomes from March
1 to December 31, 2019, with those from March 1 to December 31, 2020; ', the data from Dr. Liu’s team for a comparison across the same
two time periods (March 1 to December 31, 2019 vs. March 1 to December 31, 2020). CCPs, colorectal cancer patients; CCC, colorectal
cancer center; PWT, preoperative waiting time; ANOVA, analysis of variance; LOS, length of hospital stay.
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Figure 5 Percentages of inpatient colorectal cancer patients with postoperative complications. *, comparison between the outcomes from
March 1 to December 31, 2019, with those from March 1 to December 31, 2020; T, the data from Dr. Liu’s team for a comparison across the
same two time periods (March 1 to December 31, 2019 vs. March 1 to December 31, 2020). CCC, colorectal cancer center.
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Figure 6 Surgical results of inpatient colorectal cancer patients. The test results of the four comparisons of surgery results were as follows: (I)
comparison 1: ’=3.925, P=0.416; (I) comparison 2: x’=13.111, P=0.011; (IIT) comparison 3: ¥’=5.156, P=0.161; (IV) comparison 4: y’=1.368,
P=0.50. *, comparison between the outcomes from March 1 to December 31, 2019, with those from March 1 to December 31, 2020; ', the

data from Dr. Liu’s team for a comparison across the same two time periods (March 1 to December 31, 2019 vs. March 1 to December 31,

2020). CCC, colorectal cancer center.
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Figure 7 Composition of total inpatients cost. (A) Total inpatient cost; (B) cost of prescription drugs; (C) cost of consumables; (D) cost
of testing; (E) cost of physician/nurse services. (I) Comparison 1 is divided by year, including all CCPs, comparing the periods of March
to December 2019 and March to December 2020. Comparison 2 included only patients treated by Dr. Liu’s team who entered the CCC.
Comparison 3 compared CCC and non-CCC patients from March to December 2020. Comparison 4 compared express and non-express
CCC patients. (IT) Total inpatient cost: the ANOVA test results for comparisons 1-4 were F=2.630 (P=0.105), F=1.048 (P=0.306), F=5.921
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(P=0.153), and F=2.258 (P=0.134), respectively. (IIT) Cost of prescription drugs: the ANOVA test results for comparisons 1-4 were F=1.501
(P=0.221), F=0.127 (P=0.721), F=12.706 (P<0.001), and F=4.157 (P=0.042), respectively. (IV) Cost of consumables: the ANOVA test results
for comparisons 1-4 were F=4.515 (P=0.033), F=5.198 (P=0.023), F=3.292 (P=0.070), and F=3.377 (P=0.067). (V) Cost of physician/nurse
services: the ANOVA test results for comparisons 1-4 were F=4.857 (P=0.028), F=0.738 (P=0.397), F=30.459 (P<0.001), and F=12.900
(P<0.001). *, comparison between the outcomes from March 1 to December 31, 2019, with those from March 1 to December 31, 2020;

the data from Dr. Liu’s team for a comparison across the same two time periods (March 1 to December 31, 2019 vs. March 1 to December

31, 2020). CCPs, colorectal cancer patients; CCC, colorectal cancer center; ANOVA, analysis of variance.

Table 3 Total inpatient costs and cost structure for inpatient colorectal cancer patients

Physician/nurse

Category Total inpatient Prescription drugs Consumables Testing services Other
cost (CNY)
Cost (CNY) % Cost (CNY) % Cost (CNY) % Cost (CNY) % Cost (CNY) %

Category 1

2019* 415 33,444,519.42 7,622,227.18 22.79 10,691,472.94 31.97 8,706,706.50 26.03 5,483,585.20 16.40 940,527.60 2.81
2020* 550 42,124,460.63 9,106,536.58 21.62 13,383,364.15 31.77 11,439,432.50 27.16 6,935,616.00 16.46 1,259,511.40 2.99
Total 965 75,568,980.05 16,728,763.76 22.14 24,074,837.09 31.86 20,146,139.00 26.66 12,419,201.20 16.43 2,200,039.00 2.91
Category 2

2019" 130 9,951,954.20 1,889,147.68 18.98 3,589,182.72 36.07 2,626,211.00 26.39 1,587,000.00 15.95 260,412.80 2.62
2020" 307 22,591,279.00 4,315,994.02 19.10 7,691,655.43 34.05 6,302,584.00 27.90 3,651,450.75 16.16 629,594.80 2.79
Total 437 32,543,233.20 6,205,141.70 19.07 11,280,838.15 34.66 8,928,803.00 27.44 5,238,450.75 16.10 890,007.60 2.73
Category 3

2020 CCC 307 22,591,279.00 4,315,994.02 19.10 7,691,655.43 34.05 6,302,584.00 27.90 3,651,450.75 16.16 629,594.80 2.79
2020 243 19,533,181.63 4,790,542.56 24.53 5,691,708.72 29.14 5,136,848.50 26.30 3,284,165.25 16.81 629,916.60 3.22
none-CCC

Total 550 42,124,460.63 9,106,536.58 21.62 13,383,364.15 31.77 11,439,432.50 27.16 6,935,616.00 16.46 1,259,511.40 2.99
Category 4

2020 81 5,692,401.70 967,980.58 19.81 2,178,513.52 32.62 1,542,784.00 28.17 892,945.00 16.32 110,178.60 3.07
CCC-express

2020 226 16,898,877.30 3,348,013.44 17.00 5,513,141.91 38.27 4,759,800.00 27.10 2,758,505.75 15.69 519,416.20 1.94
CCC-normal

Total 307 22,591,279.00 4,315,994.02 19.10 7,691,655.43 34.05 6,302,584.00 27.90 3,651,450.75 16.16 629,594.80 2.79

The cost of prescription drugs included the costs of Western medicine, Chinese patent medicine, and Chinese herbal medicine. The cost
of consumables included the costs of implant materials, medical materials, intervention materials, dental materials, blood transfusions,
and other medical consumables. The cost of testing included the costs of examination and tests. The cost of physician/nurse services
included the costs of consultations, treatments, dental treatments, special surgical equipment, nursing care, and anesthesia. *,
comparison between the outcomes from March 1 to December 31, 2019, with those from March 1 to December 31, 2020; T the data from
Dr. Liu’s team for a comparison across the same two time periods (March 1 to December 31, 2019 vs. March 1 to December 31, 2020).
CCQC, colorectal cancer center.
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Table 4 Covariance test for per capita hospitalization cost for inpatient colorectal cancer patients

TIC CPD CC CT CPNS
Category
F value P F value P F value P F value P F value P

Category 1

LOS - - - - 63.513 0.000*** - - 1055.421 0.000***

NC - - - - 0.062 0.803 - - 1.545 0.214

Year - - - - 3.829 0.051 - - 4.896 0.027*
Category 2

LOS - - - - 24.109 0.000*** - - 622.672 0.000***

NC - - - - 3.340 0.068 - - 4.164 0.042*

Year - - - - 7.968 0.005** - - 18.991 0.000***
Category 3

LOS - - 255.952  0.000*** - - - - - -

NC - - 12.417 0.000*** - - - - - -

CCC - - 3.444 0.064 - - - - - -
Category 4

LOS - - 268.177  0.000*** - - 84.051 0.000*** 325.355 0.000***

NC - - 1.886 0.170 - - 14.653 0.000*** 2.997 0.085

Express - - 8.074 0.004** - - 0.113 0.737 1.083 0.299

Sixteen OLS regression models were used to identify the significant factors for predicting total inpatient cost (models 1-4), total inpatient
cost (models 5-8), CC (models 9-12), and cost of testing (models 13-16). In these models, age, gender, household registration, insurance,
number of comorbidities, surgical approach (left hemicolectomy, right hemicolectomy, transverse colectomy, sigmoid colectomy, or radical
resection of rectum), and length of hospital stay—all examined variables except for the comparison variables of interest (i.e., year, CCC,
and express)—were considered. Length of hospital stay and number of comorbidities were identified as significant factors after controlling
for other variables. The covariance test was performed only for significant comparison categories. *, P<0.05; **, P<0.01; ***, P<0.001.
TIC, total inpatient cost; CPD, cost of prescription drugs; CC, cost of consumables; CT, cost of testing; CPNS, cost of physician/nurse
services; LOS, length of hospital stay; NC, number of comorbidities CCC, colorectal cancer center.

worldwide. Numerous medical centers headquartered in
Europe and the United States, such as John Hopkins, MD
Anderson, and Addenbrooke’s Hospital, have established
ideal MDT diagnostic and treatment processes for
different cancers. Moreover, MDTs have become the
standard approach in nearly 50% of hospitals in Germany,
significantly improving the survival rate of cancer in the
country through treatment in CCCs over more than
10 years (23). In particular, Germany has a cancer center
certification program, where all participating organizations
use the same standard data information system, allowing
quality comparison and evaluation across different cancer
centers, which differs from the situation in China (24).
In the present study, we evaluated the effectiveness of the
CCC in China in terms of time, quality, and cost.

© Annals of Translational Medicine. All rights reserved.

For time, we observed that both PWT and LOS were
shorter in the CCC. After controlling for the significant
covariate of sigmoid colectomy, the time differences in the
four examined comparisons remained significant. When the
hospital first adopted the centralized management model
to establish a CCC, an overall plan and layout design of
the area for treating colorectal tumors were implemented,
and the diagnosis and treatment procedures were set up on
the same floor. Therefore, patients did not have to waste
time moving back and forth between floors (25). A recent
study has also shown that optimizing the hospital layout
can increase efficiency and reduce the spread of COVID-19
during the pandemic (26). Secondly, in the CCC, a “one-
stop shop” was constructed for diagnosis and treatment,
optimizing the combination of physicians and nurses to

Ann Transl Med 2022;10(2):94 | https://dx.doi.org/10.21037/atm-21-7030
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Figure 8 Per capita out-of-pocket cost for inpatient CCPs colorectal cancer patients. Four OLS regression models were applied to identify
the significant factors for predicting OOP cost (models 1-4). In these models, age, gender, registered permanent residence, insurance,
number of comorbidities, surgical approach (left hemicolectomy, right hemicolectomy, transverse colectomy, sigmoid colectomy, or radical
resection of rectum) and LOS—all examined variables except for the comparison variables of interest (i.e., year, CCC, and express)—were
considered. Age and insurance category were identified as significant factors after controlling for other variables. The covariance test was
performed only for significant comparison categories. *, comparison between the outcomes from March 1 to December 31, 2019, with
those from March 1 to December 31, 2020; ', the data from Dr. Liu’s team for a comparison across the same two time periods (March 1 to
December 31, 2019 vs. March 1 to December 31, 2020). CCPs, colorectal cancer patients; CCC, colorectal cancer center; OLS, ordinary
least squares; OOP, out-of-pocket; LOS, length of hospital stay.

make the division of labor clearer and coordination between For example, in November 2010, The Netherlands set up
these health care professionals more reasonable (27). A an integrated healthcare standard for the management and
previous survey confirmed that multidisciplinary clinics in prevention of obesity (33), and influential advocates in the
CRC care can reduce patients’ treatment time (28). The United States and England have argued for financing and
results of another study showed that MDT can increase the organizing healthcare based on the integrated healthcare
early detection rate of gastric cancer, which also reflects delivery systems model (34). In the present study, integrated
the role of MD'T5 in improving the efficiency of work (29). healthcare combining general surgery, pathology, radiology,
These results suggest that the centralized management psychology, and nursing was established in the CCC. This
model can help doctors and patients save time in the type of system allows patients to enjoy integrated care and
diagnosis and treatment of CRC. improves the quality of surgery (35,36). Furthermore, a

Our study showed that, compared with the traditional performance appraisal plan was formulated for the CCC
treatment approach, patients with CRC who were treated in personnel, which has the potential to encourage personnel
the CCC had consistent surgical quality as well as shortened to take the initiative in order to better serve patients. It also
PWT and LOS. The MDT approach involves multiple has the potential to strengthen the trust between nurses and
medical professionals providing integrated medical care. patients, and improve patients’ initiative and satisfaction
Integrated healthcare, which began modestly in the 1930s, concerning cooperation with healthcare professionals,
has evolved into a mature model of healthcare that is quickly which greatly reduces the incidence of adverse events (37).
becoming the standard of care in many countries (30-32). These findings are consistent with prior research on a
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Veterans Affairs medical center, which showed that patients
received increased quality of care, better access to care,
and improved multidisciplinary treatment in CCCs (38).
In addition, studies have shown that the MDT approach
can improve the survival quality of patients with CRC
and other types of tumors (39-42). The model examined
in the present study realized the accumulation of medical
resources, achieved the standardization of diagnosis and
treatment procedures, and subsequently strengthened the
incentive mechanism.

The per capita hospitalization cost of the colorectal
cancer patients (CCPs)was reduced, and the patients’ OOP
also showed a downward trend. Under the integrated care
approach, patients with CRC only need to register once,
and they can enjoy expert service in five departments (the
Chronic Disease Center, the Rehabilitation Department,
the Psychology Department, the Nutrition Department,
and the CCC). Integrating the health service content of
multiple departments may avoid overlaps and redundancy
in treatment items issued by different departments, thus
reducing the cost of patient registration and testing (43). In
the United States healthcare system, patients pay relatively
high costs, and building a centralized management model
to reduce the per capita cost of healthcare is a goal for
government, in order to improve the system (44,45). In the
present study, before the establishment of the CCC, the
average time from diagnosis to surgery for patients with
CRC was 10-12 days. Following the implementation of
the centralized management model, the time was reduced
to 1-2 days owing to the optimization of the diagnosis and
treatment process. For patients in good condition, surgery
can be performed on the same day or the next day. Through
this process, the patient may save the costs of retesting,
prescription drugs, and services required due to treatment
delays (46). The increasing health demands of the Chinese
people and limited medical resources have led to an increase
in patients’ medical costs (47). The centralized management
model can concentrate medical resources, better optimize
the allocation of resources, and reduce the unnecessary
waste of resources, which will in turn reduce the medical
costs of inpatient CCPs. Patients’ OOP costs will then be
reduced as a result of the decrease in overall patient costs.
Similarly, a prior study showed that an integrated training
program was able to reduce the average hospitalization cost
for patients with lung cancer (48).

The centralized management model was implemented in
the hospital during the COVID-19 epidemic. The original
reason for this implementation was to reduce the flow of
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personnel by establishing a centralized management system
to facilitate safe diagnosis and treatment, avoid cross-
infection in the hospital, and achieve the goal of epidemic
prevention and control (49). Presently, the epidemic
is in the normalization stage. This study evaluated the
model and found that it was able to save time and money
without reducing the quality of surgery, which is valuable
and meaningful for the implementation of the model
in the hospital. With the reform of public hospitals and
the implementation of the zero-markup policy for drugs
and consumables (50), the profit model of hospitals has
gradually shifted from relying on drugs and consumables
to strengthening internal control and improving the
quality of medical services (51,52). As far as hospitals are
concerned, centralized management can increase profits
by concentrating on medical resources and making better
use of resources such as hospital beds. These changes can
help with medical expenses savings for patients and improve
the current medical situation at the societal level. This is a
multi-profit model, and promoting the model is valuable.

However, this model also has some problems. For
example, we found that the quality of surgery was
not significantly improved. Furthermore, the CC still
accounted for a large proportion of the total patient cost,
and this proportion did not decline. However, with the
full implementation of the zero-markup consumables
policy, this proportion will definitely decrease in the
future, and the increasing incentives for technological
innovation and service quality among doctors will also
improve the survival rates of patients. Also, completing
preoperative preparations within 1 day is a challenge
for both hospital administrators and clinicians, and
identifying strategies that enable more patients who meet
the necessary standards to benefit from the hospital’s
internal management is worthy of further discussion. The
COVID-19 epidemic will not end soon, and epidemic
prevention work will continue. It may be appropriate
to recommend the centralized management model for
application in suitable medical institutions and to advocate
its promotion at the government level. The application of
this model in the medical field should be further explored
to optimize its function and efficiency, so as to enable
multiple stake holders to better benefit from it.

Several limitations of this study should be considered.
Firstly, the study’s results are preliminary findings, and the
centralized management model should be further tracked
to evaluate its impact on effectiveness. Secondly, this was a
pilot study in Shanghai, which is a developed city in China,
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so the findings of our study may not be generalizable to
other geographic areas of the country. Thirdly, this research
only evaluated the effectiveness of the centralization of
care for CRC. In the future, the CRC for other cancers
should be further explored. Fourthly, our hospital has
treated 100 cases during the COVID-19 pandemic, and all
of these patients have survived during a 1-year follow-up
period; however, the long-term survival rate has not been
considered. Those should be explored in the future studies,
such as extending the follow-up time and evaluating the
long-term survival rate to track this model.

Conclusions

This research evaluated a CCC established in the Shanghai
Tenth People’s Hospital of Tongji University for the
centralized management for CRC during the COVID-19
epidemic. Despite the study limitations, we examined the
efficiency of the centralized management model in CRC
care in terms of time, cost, and quality. The study findings
provide a reference for the construction of CCCs and the
centralized management of CRC in China. However, there
remains a need for further research that comprehensively
assesses the effectiveness of the centralized management
model and the factors that may affect patient outcomes.
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