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Comparable outcomes but higher risks of prolonged
viral RNA shedding duration and secondary infection
in cancer survivors with COVID-19: A multi-center,
matched retrospective cohort study”

Hui Peng', Sheng Wang?(Co-first author), Qi Mei', Yuhong Dai’, Jian Li3, Ming Li*, Kathrin Halfter?,
Xueyan Jiang', Qin Huang', Lei Wang®, Wei Wei’, Ru Liué, Zhen cao®, Motuma Yigezu Daba’,
Fangfang Wang', Bingqing Zhou', Hong Qiu' (0<), Xianglin Yuan' (1<)

! Department of Oncology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430030, China
2 Department of Radiotherapy, Zhongda Hospital, Medical College of Southeast University, Nanjing 210009,
China
3 Institute of Experimental Immunology, University Clinic of Rheinische Friedrich-Wilhelms-University,
Bonn 53127, Germany
4 Department of Oncology, Wuhan Pulmonary Hospital, Wuhan 430030, China
> Tumor Register Munich, Ludwig-Maximilian-University, Munich 81377, Germany
6 Dangyang People’s Hospital, Yichang 444100, China
7 Department of Medical Affairs, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430030, China
8 Department of Pulmonary Vascular and General Medicine, Fuwai Yunnan Cardiovascular Hospital,
Kunming 650102, China
® Wuhan Wuchang Hospital, Wuhan 430030, China

Abstract Objective To identify the differences in clinical features and outcomes between cancer survivors and
non-cancer patients with coronavirus disease 2019 (COVID-19).
Methods  Inthis multicenter, retrospective, and observational cohort study from February 10, 2020 to March
31, 2020 in Wuhan, China, all cancer survivors infected with COVID-19 were screened, and statistically

Received: 12 November 2020 matched with non-cancer patients with COVID-19 using propensity score matching. Demographic, clinical,
Revised: 4 December 2020 treatment, and laboratory data were extracted from a standardized medical recording system and underwent
Accepted: 15 December 2020 review and assessment.
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Xianglin Yuan. Email: xlyuan1020@163.com
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Y]062), and Hepatobiliary and Pancreatic Cancer Grant, Hubei Chen Xiaoping Science and Technology Development Foundation
(No. CXP1JH12000001-2020344).
© 2020 Huazhong University of Science and Technology
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Abstract

Results Sixty-one cancer survivors and 183 matched non-cancer patients were screened from 2,828
COVID-19 infected patients admitted to 4 hospitals in Wuhan, China. The median ages of the cancer survivor
cohort and non-cancer patient cohort were 64.0 (55.0-73.0) and 64.0 (54.0-73.5), respectively (P = 0.909).
Cancer survivors reported a higher incidence of symptom onset than non-cancer patients. Fever (80.3% vs.
65.0%; P = 0.026) was the most prevalent symptom, followed by cough (65.6% vs. 37.7%; P < 0.001), myalgia,
and fatigue (45.9% vs. 13.6%; P<0.001). The risks of the development of severe events (adjusted hazard ratio
[AHR] = 1.25; 95% confidence interval [Cl]: 0.76-2.06; P = 0.378) and mortality (relative risk [RR] = 0.90, 95%
Cl: 0.79-1.04; P = 0.416) in the cancer survivor cohort were comparable to those of the matched non-cancer
patient cohort. However, the cancer survivor cohort showed a higher incidence of secondary infection (52.5%
vs. 30.1%; RR = 1.47, 95% CI: 1.11-1.95; P = 0.002) and a prolonged viral RNA shedding duration (32 days
[IQR 26.0-46.0] vs.24.0 days [IQR 18.0-33.0]; AHR = 0.54; 95% CI: 0.38-0.80; P < 0.05).

Conclusion  Compared to non-cancer patients, cancer survivors with COVID-19 exhibited a higher incidence
of secondary infection, a prolonged period of viral shedding, but comparable risks of the development of
severe events and mortality. It is helpful for clinicians to take tailored measures to treat cancer survivors with

COVID-19.

Key words:  COVID-19; SARS-CoV-2; cancer survivor; prognosis; viral shedding; mortality

Since the beginning of the coronavirus disease 2019
(COVID-19) outbreak in late December 2019, the
epidemic has swept the world at an alarming rate. Due
to its highly contagious nature and global spread, the
World Health Organization (WHO) has declared the
coronavirus outbreak a pandemic. Globally, as of 11
November, 2020, there have been 51,251,715 confirmed
cases of COVID-19, including 1,270,930 deaths according
to the WHO report .

According to a report by the GLOBOCAN 2018, it
was estimated that there would be 18.1 million newly
diagnosed cancer patients worldwide in 2018 2. Given
the global spread of COVID-19, the infected population
may contain a large number of cancer patients. Currently,
patients with cancer are considered to be more susceptible
to COVID-19 and at a higher risk for a severe disease
course .. Studies have suggested that cancer patients
have a worse prognosis than individuals without cancer
owing to the immunocompromised status caused by
malignancy and anti-cancer treatments, including surgery,
chemotherapy, radiotherapy, and immunotherapy 7. A
retrospective analysis of patients in Wuhan showed that
cancer patients were 2.3 times more likely to be infected
with COVID-19 than the community population8. The
case-fatality rate among patients with preexisting cancer
reached 5.6% compared to 2.3% in general patients .
The small sample size of these studies may have limited
the representativeness of the results.

With advances in early diagnosis, improved treatment
options, and increased life expectancy, an increasing
number of cancer patients are cured and survive 1%,
Cancer survivors are a huge population that cannot be
ignored in this COVID-19 outbreak. Due to distinctions
in nutritional and immune status, it is assumed that cancer
survivors and patients may have different outcomes after

COVID-19. A study on COVID-19 patients with cancer
showed that non-metastatic cancer patients experienced
similar frequencies of severe conditions to those observed
in patients without cancer !'!l. However, non-metastatic
cancer patients are the same as cancer survivors; nearly
half of the patients in the study had received anti-
cancer treatment within 40 days, and the interference in
outcome could not be ruled out.

Thus, we collected the clinical data of 61 cancer
survivors from 4 designated hospitals in Wuhan and
compared them with the data of 183 matched non-cancer
patients. Our study aimed to determine the clinical
characteristics and outcomes of cancer survivors with
COVID-19 and identified the difference with non-cancer
patients.

Materials and methods

Study design and patients

This retrospective cohort study included two cohorts
of adult patients and was conducted in four designated
hospitals for COVID-19 patients in Wuhan, including
the Optical Valley Branch of Tongji Hospital affiliated
with Tongji Medical College of Huazhong University
of Science and Technology, Sino-French New Town
Branch of Tongji Hospital, Wuhan Pulmonary Hospital,
and Wuhan No.l Hospital. The cancer survivor cohort
consisted of cancer survivors who were confirmed to have
COVID-19 infection by RNA testing of swab samples,
and the non-cancer patient cohort consisted of matched
COVID-19 patients without a history of cancer, all of
whom were discharged or died between February 10 and
March 31, 2020. Each cancer survivor was matched to 3
patients using a propensity score with a caliper value equal
to 0.03. This study was approved by the ethics committee
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of Tongji Hospital of Huazhong University of Science and
Technology (No. TJ-IRB20200409) and was registered in
the Chinese Clinical Trial Registry (registration number:
ChiCTR2000031327). The requirement for informed
consent was waived by the ethics committee.

Data collection and definition

The demographic data, past medical history, onset
symptoms, laboratory testing, treatments, and outcome
parameters were collected via a standardized electronic
medical record. All data were verified by two researchers
and reviewed by a third researcher.

The European Organization for Research and
Treatment of Cancer (EORTC) Cancer Survivorship Task
Force definition of cancer survivors have been adopted
in this study, namely, patients who have completed
their primary treatment ['". Restrictions were added
on the basis of the EORTC Cancer Survivorship Task
Force definition to distinguish between cancer patients
and cancer survivors in this study. The included cancer
survivors were all diagnosed with malignant tumors, had
a treatment-free interval of more than six months, and
showed no evidence of disease, while adjuvant endocrine
therapy was acceptable.

We defined survival time as the interval between
hospital admission and the final events, discharge, or
death. Severe events included severe and critical illness,
and the time to severe events was defined as the interval
between symptom onset and the diagnosis of severe or
critical illness by the physician according to the diagnosis
standard %!, Viral RNA shedding duration was defined
as the interval between symptom onset and the date of
the last severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) RNA-positive result for naso- or
oropharyngeal swabs.

Severe illness was defined as meeting at least one of
the following criteria: 1. Shortness of breath, respiratory
rate > 30/min; 2. pulse oxygen saturation (SpO2) < 93%
at rest; 3. partial pressure of arterial oxygen (PaO2) to
fraction of inspired oxygen (FiO2) < 300 mmHg (1 mmHg
= 0.133kPa). Critical illness was defined as meeting at
least one of the following criteria: 1. respiratory failure
occurred and mechanical ventilation was required;
2. shock; 3. combined with failure of other organs and
intensive care unit treatment was required %!,

Acute respiratory distress syndrome (ARDS) was
defined according to the Berlin Definition ¥, acute
kidney injury according to the KDIGO Clinical Practice
Guidelines ), and shock according to the 2016 Third
International Consensus Definition ¢. Secondary
infection was diagnosed when patients exhibited clinical
symptoms of pneumonia or bacteremia, or a new
laboratory-confirmed pathogen after admission !¢\,
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Statistical analysis

Descriptive statistical methods were used to analyze the
variables. Categorical variables were described as n (%)
and the characteristics between cancer and non-cancer
were compared using the Chi-square test or Fisher’s exact
test. Continuous variables are shown as medians with
interquartile ranges (IQRs), and the Mann-Whitney Utest
was conducted to compare the variables between groups.
The Kaplan-Meier method was adopted for time-to-event
data to estimate the proportion of events. Propensity score
matching was used to make the two groups comparable in
clinicaland demographic characteristics. Cox proportional
hazards models were used to estimate the HRs and 95%
CIs for cancer survivors and the main outcomes. Model
1 included age (continuous). Model 2 included age
and sex (male, female). Model 3, the final multivariate
model, was adjusted for age, sex, hypertension (yes or
no), D-dimer (continuous), lactate dehydrogenase (LDH)
(continuous), high-sensitivity C-reactive protein (hs-
CRP) (continuous), and lymphocyte count (continuous).
Previous studies have shown that these factors are related
to adverse clinical outcomes > 1719, Therefore, we chose
age, sex, hypertension, D-dimer, LDH, hs-CRP, and
lymphocyte count to enter the multivariate-adjusted
models.

All Pvalues were two-tailed, and Pvalues less than 0.05
were considered statistically significant. All statistical
analyses were conducted using SPSS version 23.0 and R
version 3.5.2.

Results

Demographic data and Baseline characteristics

Of the 2,828 COVID-19 patients admitted to the 4
hospitals between February 10 and March 31, 2020, in
‘Wuhan, China, 61 cancer survivors and 183 matched non-
cancer patients were included in this study. The median
age of cancer survivors was 64 years (IQR 55.0-73.0), and
37 (60.7%) cancer survivors were women. Hypertension
was the highest in both cohorts. Cancer survivors
reported a higher incidence of symptom onset than non-
cancer patients. Fever (80.3% vs. 65.0%, P = 0.026) was
the most prevalent symptom in both cohorts, followed by
cough (65.6% vs. 37.7%; P < 0.001), myalgia, and fatigue
(45.9% vs. 13.6%; P < 0.001) (Table 1). Cancer survivors
had histories of 15 different types of cancer: 14 (23.0%)
with thyroid cancer, 12 (19.7%) with breast cancer, 12
(19.7%) in the urinary system, 8 (13.1%) in the intestinal
tract, 7 (11.4%) had lung cancer, 3 (4.9%) had lymphoma,
and 6 (9.8%) had other cancers (Fig. 1a). Moreover, 51
patients (83.6%) had stage I or stage II disease among all
cancer survivors. The previous anti-cancer treatments
in the cancer cohort consisted of surgery for 37 (60.7%)
patients, chemotherapy and/or radiotherapy for 8 (13.1%)
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patients, endocrine therapy for 5 (8.2%), targeted therapy
for 1 (1.6%), and conservative therapy for 1 (1.6%).

Laboratory findings

Major laboratory results on admission were recorded,
and patientsin the non-cancer cohort had more prominent
laboratory abnormalities than those in the cancer survivor
cohort. Lymphocytopenia and anemia were present in
49.2% and 82.0% of the cancer survivors, compared with
68.3% and 56.3% of the non-cancer cohort, respectively,
indicating significant differences (P < 0.05; Table 2).
Compared to the cancer cohort, non-cancer patients
showed significantly higher levels of D-dimer (median
[IQR], 0.73 [0.39-3.51] vs. 0.58 [0.22-1.68]; P = 0.002),
LDH ( 319.0 [241.5-399.0] vs. 218.0 [170.5-373.0}; P <
0.001), and hs-CRP (51.7 [14.8-98.0] vs. 25.2 [1.8-59.2];
P < 0.001; Table 2). Among patients with available data,
non-cancer patients had significantly higher levels of
interleukin (IL) 6, IL-10, and IL-1p than cancer survivors,
while the level of ferritin was much lower.

Therapeutic methods

In both cohorts, the majority of patients received
antiviral treatment and antibiotics. The application of
both treatments was based on empirical experience,
except for the secondary infection of the identified
pathogen. Among cancer survivors, 16 (26.2%) were
prescribed lopinavir/ritonavir (400 mg/day) and 9 (14.9%)
arbidol (200 mg/day). In comparison to non-cancer
patients, significantly fewer cancer survivors received
corticosteroids (22 [36.1%] vs. 132 [72.1%]; P < 0.001)
and interferon atmotherapy (12 [19.7] vs. 82 [44.8%]; P <
0.001; Table 1). It is notable that fewer patients received
oxygen therapy in the cancer survivor cohort, which
tended to receive simpler respiratory support.

Clinical outcomes and complications
The risks of the development of severe events (HR =
0.73, 95% CI: 0.48-1.11; P = 0.141) and survival (HR =

http://otm.tjh.com.cn

0.62, 95% CI: 0.31-1.23; P = 0.169) of cancer survivors
were comparable to those of 183 matched non-cancer
patients (Fig. 1b, 1d; Table 3). Both cohorts had a
comparable mortality rate (15.6% vs. 24.6%; RR = 0.90,
95% CI: 0.79-1.04; P = 0.416). During hospitalization,
the rates of development of severe and critical illness in
the course of disease were comparable between the two
cohorts. However, the median duration of viral RNA
shedding was longer in the cancer cohort than in the
non-cancer cohort (32.0 days [IQR, 26.0-46.0] vs. 24.0
days [IQR, 18.0-33.0]; HR = 0.49, 95% CI: 0.35-0.68; P
< 0.001; Fig. 1c). The timelines of viral RNA shedding of
61 cancer survivors and 61 randomly selected non-cancer
patients are displayed in Fig. 2. During the follow-up after
discharge, 4.9% of the cancer survivors retested positive
in the SARS-CoV-2 RNA testing, which was slightly
higher than that of the non-cancer cohort without a
statistical difference (Table 3).

In terms of complications, 32 (52.5%) cancer survivors
had secondary infection, which was significantly higher
than that of the non-cancer patients (33 [52.5%] vs. 55
[30.1%]; RR = 1.47, 95% CI:.MM 1.11-1.95; P = 0.002).
Other complications, including ARDS and acute cardiac
injury, showed no difference between both cohorts
(Table 2).

The wunivariate-adjusted and multivariate-adjusted
relationships between cancer survivor status and the
main outcomes, including survival time, time to severe
events, and viral RNA shedding duration, are presented
in Table 4. No significant association was found between
cancer survivors and the increasing survival time in the
fully adjusted model (AHR = 0.36; 95% CI: 0.11-1.20; P=
0.096) between cancer survivors and time to severe events
(AHR = 1.25; 95% CI: 0.76-2.06; P = 0.378). However,
compared to the non-cancer patients, cancer survivors
were positively associated with the prolonged duration
of virus RNA shedding in the age-adjusted model (HR
= 0.49; 95% CI: 0.35-0.68; P < 0.05). Adjusting the
additional factors including sex, hypertension, and other

Table 1 Baseline characteristics between cancer survivor and non-cancer cohorts

Characteristics Overall Cancer survivor Non-cancer P value

Number of patients 244 61 183

Age (years) 64.0 (55.0-72.4) 64.0 (55.0-73.0) 64.0 (54.0-73.5) 0.909

Gender 1.000
Male 96 (39.3) 24 (39.3) 72 (39.3) -
Female 148 (60.7) 37 (60.7) 111 (60.7) -

Body-mass-index 23.8(21.0-25.2) 24.0 (20.5-25.5) 23.6 (21.3-25.1) 0.899

Smoking 14 (5.7) 3(4.9) 11(6.0) 1.000

Comorbidities 144 (59.0) 9 (63.9) 105 (57.4) 0.103
Hypertension 83 (34.0) 1(34.4) 62 (33.9) 1.000
Cardiovascular diseases 24 (9.8) 6(9.8) 18 (9.8) 1.000
Diabetics 37(15.2) 2(19.7) 25 (13.6) 0.431
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Table 2 Clinical characteristics, laboratory findings and complications
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Overall Cancer survivor Non-cancer P value
Clinical characteristics
Number of patients 244 61 183
Initial common symptom 220 (90.2) 54 (88.5) 166 (90.7) 0.681
Fever 179 (73.4) 49 (80.3) 119 (65.0) 0.026
Cough 109 (44.7) 40 (65.6) 69 (37.7) <0.001
Myalgia or fatigue 53 (21.7) 28 (45.9) 25(13.6) <0.001
Dyspnea 58 (23.8) 22 (36.1) 36 (19.7) 0.015
Admission body temperature (°C) 36.9 (36.5-37.9) 38.3 (38.0-39.0) 37.6 (36.5-38.3) 0.032
Systolic pressure (mm Hg) 128.0 (120.0-143.0) 131.0 (123.0-145.0) 126.0 (118.0-141.2) 0.164
Respiratory rate (breaths per min) 20.0 (20.0-24.0) 20.0 (20.0-25.0) 20.0 (20.0-24.0) 0.984
Pulse rate (beats per min) 88.0 (80.0-97.0) 84.0 (79.0-96.0) 88.0 (80.0-98.0) 0.302
Laboratory findings
WBC count (x 10°/L) 6.28 (4.41-8.91) 6.66 (5.28-8.29) 6.11 (4.13-9.14) 0.175
<35 31(12.7) 4 (6.6) 27 (14.8) 0.018
3.5-9.5 160 (65.6) 48 (78.7) 112 (61.2) -
>95 53 (21.7) 9(14.8) 44 (24.0) -
Neutrophil count (x 109/L) 4.36 (2.84-7.64) 4.60 (3.33-6.51) 4.34 (2.57-7.91) 0.637
<18 18 (7.4) 1(1.6) 17 (9.3) 0.024°
1.8-6.3 148 (60.7) 44 (72.1) 104 (56.8) -
>6.3 78 (32.0) 16 (26.2) 62 (33.9) -
Lymphocyte count (x 10°/L) 0.88 (0.64-1.28) 1.12(0.77-1.75) 0.83 (0.60-1.18) 0.077
<11 155 (63.5) 30 (49.2) 125 (68.3) <0.001*
1.1-3.2 86 (35.2) 29 (47.5) 57 (31.1) -
>32 3(1.3) 2(3.3) 1(0.6) -
IL-1b (pg/mL) 6.01(4.21-8.12) 5.67 (2.52-6.31) 6.87 (4.01-9.11) 0.011
<50 118 (48.4) 45(73.8) 73 (39.9) <0.001*
250 126 (51.6) 16 (26.2) 110 (60.1) -
IL-2R (U/mL) 524.5 (386.2-721.2) 456.0 (397.0-562.0) 562.0 (338.0-730.5) 0.814
<223 18 (7.4) 5(8.2) 13 (7.1) 0.304*
223-710 120 (49.2) 34 (55.7) 86 (47.0) -
>710 106 (43.4) 22 (36.1) 84 (45.9) -
IL-6 (pg/mL) 8.2 (4.6-28.6) 4.9(2.8-28.9) 11.0 (6.8-28.2) 0.008
<7 112/233 (48.1) 83 (45.4) 29/50 (58.0) <0.001*
27 121/233 (51.9) 100 (54.6) 21/50 (42.0) -
IL-8 (pg/mL) 11.8 (8.6-17.8) 11.7 (7.7-15.8) 11.8 (9.8-30.5) 0.129
<62 157 (64.3) 106 (57.9) 51(83.6) <0.001*
=62 87 (35.7) 77 (42.1) 10 (16.4) -
IL-10 (pg/mL) 7.5 (6.5-10.9) 6.6 (6.3-13.1) 9.1(7.5-11.7) 0.022
<9.1 132/239 (55.2) 95 (51.9) 37/56 (66.1) <0.001*
291 107/239 (44.8) 88 (48.1) 19/56 (33.9) -
TNF-a (pg/mL) 8.3 (7.0-12.6) 9.6 (7.3-13.1) 7.5(6.2-8.5) 0.026
<81 145/241 (60.2) 111 (60.7) 34/58 (58.6) 0.572*
281 94/241 (39.0) 72 (39.3) 24/58 (41.4) -
Ferritin (pg/L) 715.9 (237.5-960.4) 945.0 (818.0-1079.6) 4251 (114.7-671.7) 0.011
Hemoglobin (g/L) 125.0 (114.0-135.0) 120.0 (112.0-128.0) 128.0 (114.5-135) 0.023
<130 153 (62.7) 50 (82.0) 103 (56.3) <0.001*
130-175 91(37.3) 11 (18.0) 80 (43.7) -
Myoglobin (ng/mL) 62.4 (42.5-81.3) 66.1 (45.2-87.2) 60.3 (41.1-79.1) 0.331
<1549 195 (79.9) 46 (75.4) 149 (81.4) 0.229*
>154.9 49 (20.1) 15 (24.6) 34 (18.6) -
PT (s) 13.5(12.6-14.8) 13.6 (12.9-14.3) 13.5(12.6-14.9) 0.897
<16 216 (88.5) 57 (93.4) 159 (86.9) 0.130*
> 16 28 (11.4) 4(6.6) 24 (13.1) -

(Continued to the next page)



242

(Continued from the last page)

http://otm.tjh.com.cn

Overall Cancer survivor Non-cancer P value
D-D dimer (pg/mL FEU) 0.72 (0.30-2.85) 0.58 (0.22-1.68) 0.73 (0.39-3.51) 0.002
<05 100/243 (41.2) 28/60 (46.7) 72 (39.3) 0.243*
>05 143/243 (58.8) 32/60 (53.3) 111 (60.7) -
ALT (UIL) 22.0 (14.0-37.0) 21.0 (15.0-32.0) 22.0 (14.0-40.0) 0.312
<50 209 (85.7) 57 (93.4) 152 (83.1) 0.031*
>50 35(14.3) 4 (6.6) 31(16.9) -
AST (ULL) 29.0 (19.0-45.0) 22.0(17.8-31.0) 33.0 (20.0-49.0) 0.004
<40 169/243 (69.5) 52/60 (86.7) 117 (63.9) <0.001*
> 40 741243 (30.5) 8/60 (13.3) 66 (36.1) -
LDH (UL) 298.0 (205.0-399.0) 218.0 (170.5-373.0) 319.0 (241.5-399.0) <0.001
<245 93(38.1) 55 (30.1) 38 (62.3) <0.001*
> 245 151 (61.9) 128 (69.9) 23 (37.7) -
Albumin (g/L) 35.1(31.3-38.8) 36.6 (32.0-41.0) 34.5(30.5-38.3) 0.022
<35 120 (49.2) 26 (42.6) 94 (51.4) 0.170*
235 124 (50.8) 35(57.4) 89 (48.6) -
Total bilirubin (umol/L) 10.1 (6.58-13.51) 8.34 (6.27-12.6) 10.6 (6.90-13.9) 0.061
<2 226 (92.6) 59 (96.7) 167 (91.3) 0.133*
> 21 18 (7.4) 2(3.3) 16 (8.7) -
PTH (mglL) 0.04 (0.04-0.08) 0.05 (0.04-0.11) 0.04 (0.04-0.06) 0.311
High sensitive (CRP, mg/L) 45.0 (10.8-94.0) 25.2 (1.80-59.2) 51.7 (14.8-98.0) <0.001
<50 46 (18.9) 22 (36.1) 24 (13.1) <0.001*
>5.0 194 (79.5) 35(57.4) 159 (86.9) -
Complications
Coagulopathy 28 (11.4) 4 (6.6) 24 (13.1) 0.245
Acute cardic injury 84 (34.4) 27 (44.3) 57 (31.1) 0.086
Acute kidney injury 13(5.3) 5(8.2) 8(4.4) 0.321
Acute liver injury 24 (9.8) 7(11.5) 17 (9.3) 0.623
Secondary infection 87 (35.7) 32 (52.5) 55 (30.1) 0.002

Data are median [IQR], n (%), or n/N (%), where N is the total number of patients with available data. ICU, Intensive care unit; ARDS, Acute respiratory
distress syndrome; UOC, Usual oxygen care, including standard nasal catheter and facemask inhalation; HFNC, High-flow nasal cannula oxygen;
(N)IMV, (Non-) Invasive mechanical ventilation; ECMO, Extracorporeal membrane oxygenation; WBC, White blood cell; PLT, Blood platelet count;
APTT, Activated partial thromboplastin time; PT, Prothrombin time; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; LDH, Lactate
dehydrogenase; ALP, Alkaline phosphatase; y-GT, gamma-Glutamyl transpeptidase; hs-CRP, high-sensitivity C-reactive protein. * x? test comparing all

subcategories

factors in model 3 did not alter the positive association
between cancer survivors and the prolonged duration of
viral RNA shedding (AHR = 0.54; 95% CI: 0.38-0.80; P <
0.05; Table 4).

Discussion

The results of this study suggest that although the
prognosis of cancer survivors with COVID-19 was similar
to that of non-cancer patients, cancer survivors had
prolonged duration of SARS-CoV-2 RNA shedding and a
higher incidence of secondary infection.

Cancer survivors, with history of either hematologic
or solid tumors, were reported to have an increased risk
of infection and mortality due to immunocompromised
status compared to the general population, especially
from respiratory infections ?**. However, our study of

COVID-19 infection in cancer survivors did not support
this view. Our study found that the mortality rate in the
cancer survivor group was 15%, which was comparable
to the matched non-cancer cohort. In a study involving
106 cancer patients, the mortality rate of cancer patients
was 11% 'Y, and the incidence of comorbidities such as
hypertension and diabetes was lower than that in our
study, suggesting that chronic comorbidities may be one
of the most important risk factors for survival outcomes,
which was consistent with previous studies.

We found that the median duration of SARS-CoV-2
RNA shedding in cancer survivors was 32 days, which
was much longer than the 17-20 days reported in the
general patients ' ? and 24 days in the non-cancer
cohort in this study. In our study, even after balancing or
weighting these factors, viral RNA shedding in the cancer
survivor cohort was still significantly longer than that in
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Table 3 Treatments and outcomes

Overall Cancer survivor Non-cancer P value
Treatments
Antibiotics 202 (82.8) 49 (80.3) 153 (83.6) 0.561
Antiviral treatment 239 (98.0) 58 (95.1) 181 (98.9) 0.101
Corticosteroids 154 (63.1) 22 (36.1) 132 (72.1) <0.001
Interferon atmotherapy 94 (35.8) 12 (19.7) 82 (44.8) <0.001
Intravenous immunoglobin 73(29.9 12 (19.7) 61(33.3) 0.053
Oxygen therapy 221 (86.3) 49 (76.6) 172 (89.6) 0.004
Standard nasal catheter and facemask inhalation 196 (80.3) 34 (53.1) 162 (88.5) <.001
High-flow nasal cannula oxygen therapy 31(12.7) 6(9.8) 25(13.7) 0.512
Non-invasive mechanic ventilation 72 (29.5) 8(13.1) 64 (35.0) 0.001
Invasive mechanic ventilation 15 (6.1) 1(1.6) 14(7.7) 0.125
QOutcomes
Disease severity status 0.125
Mild-moderate 121 (49.6) 36 (59.0) 5 (46.4) -
Severe 73(29.9) 16 (26.2) 57 (31.2) -
Critical 50 (20.5) 9(14.8) 1(22.4) -
ARDS 88 (36.1) 15 (24.6) 8(37.2) 0.086
ICU admission 3(1.2) 3(4.9) 5(2.7) 0.416
Deceased 87 (35.7) 10 (15.6) 45 (24.6) 0.218
Duration of viral sheddlin
after COVID-19 onset c?ays 27.0 (20.0-34.0) 32.0 (26.0-46.0) 24.0 (18.0-33.0) <0.001
Re-positive of COVID-19 diagnosis 11.(4.5) 3(4.9 7(3.8) 0.716
a b Stratification — Non-cancer ~ Cancer survivor
1.00
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Fig. 1 Tumor categories of cancer survivors (a). The probabilities of survival (b), viral RNA shedding (c) and severe events (d) of the cancer survivors
were compared to the non-cancer patients
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Table 4 Hazard ratios of survival, viral RNA shedding and severe events for cancer survivor
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Survival probability Model 1 Model 2 Model 3
CrudeHR 95%CI P HR  95%Cl P HR 95%Cl P HR  95%Cl P
%chfsr'sﬁngor 062 031-123 0169 052 026-104 0064 053 027-106 0074 036 0.11-1.20 0.096
Viral RNA Shedding Model 1 Model 2 Model 3
Probability Crude HR  95%Cl P HR  95%Cl P HR 95%Cl P HR 95%Cl P
\C(:S”f/‘;r;‘;”ivor 049 035068 <0001 049 0.35-068 <0.001 049 035-0.68<0001 054 0.38-0.80 0.002
Severe events Model 1 Model 2 Model 3
probability Crude HR  95% Cl P HR  95%Cl P HR 95%Cl P HR 95%Cl P
Cancer survivor 073 048111 0141 073 049-1.11 0144 072 047-108 0118  1.25 0.76-2.06 0.378

Yes vs. No

Model 1 adjusted for age; Model 2 adjusted for age and gender; Model 3 adjusted for age, gender, hypertension, D-dimer, LDH, high sensitive CRP, and

lymphocyte count. P value was calculated using cox proportional hazard model.
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Fig. 2 Timelines of viral RNA shedding of the cancer survivors (a) and the non-cancer patients (b)

the non-cancer patients. In addition, it was found that
the incidence of secondary infection was significantly
higher in the cancer survivor cohort. These results were
consistent with those of previous studies on respiratory

Mar

viral infections %], suggesting that immunosuppressive
status may interfere with viral clearance and increase the
risk of secondary infection.

Among the cancer survivors, 3 patients retested
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positive in the RNA testing during the follow-up after
discharge. The clinical significance of the nucleic acid
re-positivity has not been determined. However, it is
inferred that due to the immunocompromised status
of cancer survivors, their ability to eliminate the virus
has been weakened. Special attention should be paid to
persistent viral carriage, recrudescence, and secondary
infection.

It was found that, consistent with the data of the
general population reported ['”, the most prevalent
symptom onset in cancer survivors was fever, followed by
cough, myalgia, or fatigue; dyspnea was present in more
than one-third of cancer survivors. These symptoms
were more common in cancer survivors than in non-
cancer patients. It is possible that cancer survivors are
more concerned about their health conditions and more
sensitive to physical changes; hence, they tend to report
their symptoms earlier and more frequently and are more
likely to seek medical care. Current research suggests that
early recognition and medical intervention may improve
the prognosis of COVID-19 patients #7); therefore, early
medical attention may contribute to the outcome of
cancer survivors infected with COVID-19.

The median age of the cancer survivor cohort was 64
years, while a study of 1,099 patients showed a median
age of 47.0 years in COVID-19 patients, suggesting that
cancer patients tend to be older, which is consistent
with previous studies '%. Among the cancer survivors,
37 (60.7%) were women and 26 (42.7%) had a history of
thyroid and breast cancer. Both types of cancer exhibit a
good prognosis, and the patients’ nutritional and physical
status are less affected. Cancer survivors in the study had
a median body mass index of 24 and a median albumin
concentration of 36.6 g/L, indicating that most cancer
survivors included had recovered from the disease and
sequelae of anti-cancer treatments.

In terms of laboratory testing, compared to the
cancer survivors, the non-cancer patients had a higher
proportion of lymphopenia, higher levels of aspartate
transferase, LDH, hs-CRP, and d-dimer, all of which were
considered to be associated with adverse outcomes '”-1% 2],
Among cancer survivors, 21.3% received chemotherapy
and radiation, and anemia was more common in this
cohort because of the long-lasting toxicity of the bone
marrow 2%, Although the incidence of anemia was
higher in the cancer survivor cohort, the median
concentration of hemoglobin was 120 g/L (IQR, 112.0-
128.0), and no increase in severe disease or mortality
was observed in patients with mild anemia. Thus, mild
anemia demonstrated less impact on the development of
COVID-19 disease. Accumulated evidence has suggested
that the cytokine storm syndrome (CRS) may be an
important cause of a critical disease course or death in
COVID-19 patients. Such a cytokine storm may destroy
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the adaptive immunity against SARS-CoV-2 BY, leading
to fulminant and fatal multiorgan failure. We found that
patients in the cancer survivor cohort had relatively low
levels of pro-inflammatory cytokines including IL-6, IL-
10, and IL-1b. These trends suggest that cancer survivors
had lower or at least similar levels of inflammation
compared to non-cancer patients. Impaired cellular
immunity in cancer survivors may suppress excessive
inflammation, preventing the development of CRS 2.
Therefore, in the case of hyperinflammation, a certain
degree of immunosuppression may serve as a protective
factor ®¥. In summary, the immunosuppressive state
may be a double-edged sword for cancer survivors with
COVID-19, and which factor dominates the outcome still
needs further investigation.

Although the study of Liang et al. revealed a worse
outcome in cancer patients infected with COVID-19 B,
there was no distinction between cancer survivors and
cancer patients, which may reduce representativeness
of the findings. We believe that there are differences
between cancer survivors and cancer patients. The
immune function and nutritional status of cancer patients
were significantly impaired by anti-cancer therapy
or disease progression, while most cancer survivors
have recovered to varying degrees. Nevertheless,
cancer survivors comprise a heterogeneous group, and
different tumor types, anti-cancer treatment methods,
and durations after diagnosis of cancer would affect the
immune status of patients, thus affecting their survival
and RNA shedding. To date, little is known about SARS-
CoV-2, and more research is needed to determine which
factors drive inflammation and which groups are at high
risk.

Limitations

Our study has several limitations. First, this study
was a retrospective cohort study using propensity score
matching methods, which could not represent all cancer
survivors. Therefore, prospective controlled studies
with larger sample sizes should be carried out to clarify
differences among cancer survivors, cancer patients,
and non-cancer patients. Second, although this study
was a multicenter study, all the centers were located
in mainland China. Due to the global spread of COVID
19, international multi-center investigation needs to be
considered.

Conclusions

The severe events and mortality risk of cancer
survivors with COVID-19 were comparable to those of
non-cancer patients, but the viral RNA shedding duration
was longer and the incidence of secondary infection was
higher. Based on our results, it is helpful for clinicians
to take tailored measures to treat cancer survivors with
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COVID-19. Although continuous follow-up should
be carried out to determine the long-term prognosis of
cancer survivors infected with COVID-19, we suggest
that the comprehensive care plan of cancer survivors
with COVID-19 should take longer viral RNA shedding
duration into consideration and pay more attention
to such patients than non-cancer patients to prevent
development of secondary infections.
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Objective The objective of this study was to identify new carcinogenetic hub genes and develop the
integration of differentially expressed genes to predict the prognosis of lung cancer.

Methods GSE139032 microarray data packages were downloaded from the Gene Expression Omnibus
for planning, testing, and review of data. We identified KRT6C, LAMC2, LAMB3, KRT6A, and MYEQV from
a key module for validation.

Results We found that the five genes were related to a poor prognosis, and the expression levels of
these genes were associated with tumor stage. Furthermore, Kaplan-Meier plotter showed that the five
hub genes had better prognostic values. The mean levels of methylation in lung adenocarcinoma (LUAD)
were significantly lower than those in healthy lung tissues for the hub genes. However, gene set enrichment
analysis (GSEA) for single hub genes showed that all of them were immune-related.

Conclusion Our findings demonstrated that KRT6C, LAMC2, LAMB3, KRT6A, and MYEQV are all
candidate diagnostic and prognostic biomarkers for LUAD. They may have clinical implications in LUAD
patients not only for the improvement of risk stratification but also for therapeutic decisions and prognosis
prediction.

Key words: lung adenocarcinoma (LUAD); bioinformatics; gene expression omnibus; gene expression
profiling interactive analysis (GEPIA); prognosis; methylation

Abbreviations: LUAD, lung adenocarcinoma; GSEA, gene set enrichment analysis; NSCLC, non-small-
cell lung cancer; WGCNA, weighted gene co-expression network analysis; MEs, module eigengenes; GS,
gene significance; MS, module significance; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, gene
ontology; CC, cellular component; MF, molecular function; BP, biological process; GEPIA, gene expression
profiling interactive analysis; HPA, Human Protein Atlas; TIMER, Tumor Immune Estimation Resource;
TCGA, The Cancer Genome Atlas; OS, overall survival; PF, first progression; PPS, post-progression
survival; IHC, immunohistochemical

Lung cancer is the most frequently diagnosed type
of cancer, accounting for 11.6% of all cancer cases, and
is a leading cause of cancer morbidity, representing
18.4% of all cancer-related deaths [Y. Non-small cell
lung cancer (NSCLC) is the most prevalent type of lung
cancer, and lung adenocarcinoma (LUAD) is the most
common subtype of NSCLC, representing almost half of

lung cancer diagnoses 2. Standard treatment for LUAD
is surgical resection and chemotherapy, which improves
survival rates by 5%-10% .. Many treatment options
exist for LUAD; however, appropriate treatment usually
depends on the stage of LUAD. Five-year survival rates
are low and stage-dependent ®. It has been reported that
the number of CD133+ cells, which can increase drug
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resistance and the likelihood of tumor recurrence, are
enhanced by the chemotherapeutic agent, cisplatin .
Early identification of LUAD through the discovery of
relevant tumor biomarkers is urgently needed to improve
prognoses >l

A weighted gene co-expression network analysis
(WGCNA) was used to identify correlations in gene
patterns. We constructed a free-scale gene co-expression
network to discover modules with highly correlated
genes. Accordingly, we discuss here potential biomarkers
of lung cancer to improve patient prognosis via a
systematic biological method using WGCNA.

Materials and methods

Data procession and construction
of co-expression network

Gene expression dataset GSE139032 (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE139032),
including 77 lung adenocarcinomas and 77 matched non-
malignant lung samples (Illumina HumanMethylation27
BeadChip), were downloaded from the Gene Expression
Omnibus 7. Sangerbox (http://www.sangerbox.com), a
free online tool for data analysis, was utilized to analyze
sample information and dataset matrices. The top 50% of
the most variable genes (7239) from the dataset (14477
genes) were chosen by analysis of variance. Sangerbox was
used to perform WGCNA, and study-specific parameters
and WGCNA rationale are as follows (.

First, a co-expression network was constructed with
Pearson correlation coefficients 7 and j representing the
expression levels of the ith and jth genes, respectively.

Sy=|1 + cor (x:+ y)/2]

Second, the co-expression similarity was transformed
into the adjacency according to the following equation:

a;=|(1 + cor (xi+ y3))/2|F

B: soft thresholding, which revealed the adjacency of a
signed network ”). We selected a soft threshold parameter
power of B = 7 to build an approximately scale-free
network to balance the scale-free network properties.

Third, the topological overlap measure (TOM)
transformation was calculated from the adjacency matrix
using

TOM = (3w i) / (min Q%+ Y% + 1 — o)

to further convert the adjacency matrix of the 7239
genes from the co-expression network to the screening
function module 1.

Screening of clinically significant modules
Module eigen genes (MEs) represent all genes in a
specificmodule, which were screened fortheidentification
of clinically relevant modules that correlate to a specific
cancer type. Clinical traits, such as tumor stage and tumor
grade, were calculated for each ME. Gene significance

http://otm.tjh.com.cn

(GS) was utilized in the linear regression to quantify the
relevance of the gene and clinical features®. The average
absolute GS in a specific module was measured using
module significance.

Functional enrichment analysis
of gene ontology and KEGG

DAVID (https://david.ncifcrf.gov/), an online public
web server, was used to characterize and manipulate
gene lists by mining high-throughput genomic data and
performing gene ontology (GO) and KEGG signaling
pathway enrichment analysis. Cellular component (CC),
molecular function (MF), and biological process (BP)were
the three categories included in the ontology. A P-value <
0.05 was considered statistically significant.

Hub gene selection and validation

Gene connectivity was measured using the absolute
value of Pearson’s correlation, defined by module
connectivity (cor. Gene module membership > 0.8) and
clinical connectivity (cor. genetrait significance > 0.2).
Gene expression profiling interactive analysis (GEPIA)
was utilized to validate the central hub genes of LUAD.
Immunohistochemistry of the five genes identified was
performed using the Human Protein Atlas (HPA) (http:
//www.proteinatlas.org), which showed that the genes
were upregulated in tumors.

Methylation analyses of hub genes

The  human  disease  methylation database
(DiseaseMeth version 2.0, http://biobigdata.hrbmu. edu.
cn/diseasemeth/) contains methylome information from
high-throughput microarray and sequencing studies
of human methylation and shows DNA methylation
abnormalities for human diseases in a case-control or
disease-disease format "2,

Differences in the methylation levels of hub genes
in cancerous lung tissues were compared with those
in healthy lung tissues using the cBioPortal for Cancer
Genomics (https://www.cbioportal.org/). Genetic
changes associated with the hub genes were investigated
to explore the associations between mRNA expression
and DNA methylation in lung cancer using a large-scale
cancer genome database.

Evaluation of the immunological infiltrate

To study the relationship between hub gene expression
and immune cell infiltration, we used the online TIMER
tool 14, Samples (10 897) from a wide variety of cancers
available from The Cancer Genome Atlas (TCGA) were
used to study the interaction between hub gene expression
and immune cell tumor infiltration.

Gene set enrichment analysis of hub genes
GSEA 3.0 software was used to analyze the hub genes
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associated with immune infiltration of a variety of
biological function gene sets in lung cancer.

Statistical analysis

WGCNA was performed using the Sangerbox platform
(version 1.0.9) based on R software version 3.4.3. We
utilized the Kaplan-Meier method to perform survival
analysis using the log-rank test. The independent samples
t-test for data comparison was performed by GEPIA.
P-values < 0.05 (two-sided) were considered statistically
significant.

Results

Weighted co-expression network building
and key modules recognition

The coefficient and average association of Pearson’s
correlation were used to cluster the GSE139032 sample
based on the WGCNA packages in R (Fig. 1 and 2).
After transforming the co-expression similarity matrix,
we computed the TOM to identify modules utilizing
the dynamic tree cut method (Fig. 2c). WGCNA was
performed to collect information for a co-expression
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7 was selected to balance the scale-free nature of the
network for a network that will be approximately scale-
free (Fig. 2a and 2b). Using the average hierarchical
linkage, 11 modules were identified. The turquoise
module was selected as the clinically meaningful unit
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owing to its close interaction with tumor stage (Fig. 2d)
and the highest tumor stage association (Fig. 2d).

Functional enrichment analysis

GO and KEGG pathway enrichment analyses were
performed. Functional groups included three parts (CC,
MP, and BP) to analyze GO enrichment. Enrichment of
genes in the CC group from the turquoise module mainly
included the extracellular region, extracellular space,
integral component of the plasma membrane, extracellular
exosome, plasma membrane, cornified envelope,
intermediate filament, apical plasma membrane, and
blood microparticle. The genes from the module in the
MF group were chiefly enriched in structural molecule
activity,ironion binding, CC chemokine receptor binding,
serine-type endopeptidase activity, serine-type peptidase
activity, calcium ion binding, chemokine activity, serine-
type endopeptidase inhibitor activity, cytokine activity,

http://otm.tjh.com.cn

and heme-binding. The BP group included clinically
significant genes in the following modules: keratinization,
immune response, peptide cross-linking, neutrophil
chemotaxis, keratinocyte differentiation, innate immune
response, monocyte chemotaxis, inflammatory response,
epidermis development, and lymphocyte chemotaxis
(Fig. 3). Hub genes from the turquoise module were
enriched in the KEGG pathway as follows: cytokine
receptor interaction, hematopoietic cell lineage, systemic
lupuserythematosus, pancreatic secretion, carbohydrate
digestion and absorption, neuroactive ligand-receptor
interaction, complement and coagulation cascades,
rheumatoid arthritis, fat digestion and absorption, and
toll-like receptor signaling pathways.

Hub gene selection and validation
In terms of cut-off criteria MM]| > 0.8 and |GS| > 0.2,
we identified 2496 hub genes from the turquoise unit. A
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Fig. 3 The enrichment analyses of KEGG and GO pathways for all turquoise genes. An analysis of the (a) KEGG pathway of turquoise genes; (b)

cellular components; (c) molecular function; and (d) biological process
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Kaplan-Meier plotter was used to estimate the clinical were associated with post-progression survival (PPS).
prognostic significance of the hub genes. We found five = LAMB3 was not associated with PPS (Fig. 4). GEPIA
genes (MYEOV, LAMCZ2, LAMB3, KRT6C, and KRT6A) revealed a substantially higher level of expression of
that were negatively related to overall survival (OS) and these five genes in tumor tissues than innormal tissue
first progression. MYEOV, LAMCZ2, KRT6C, and KRT6A  (Fig. 5a-5e). However, in advanced tumor stages,
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based on a GEPIA cancer stage analysis, the expression
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unregulated (Fig. 5f-5j). To estimate the expression of the

levels of these five genes were found to be completely  proteins corresponding to the genes, the Protein Atlas

a b c LAMB3 d KRT6C e KRT6A

12F i 12F

10 10+ = 6k .

101 3 10+ -,

8 8 5 o

8F : . 8F 3

6k 6 £y 4 " 1

6 3 : 6 e

: * 3r - A

- L 3 . oy

N 4F N a3 2k 4r o
2r oL 2F : 1k :: ol
ok ok (0] S —— ot i ot

LUAD LUAD LUAD LUAD
(num (T)=483; (num (T)=483; (num (T)=483; (num (T)=483; (num (T)=483;
num (N)=347) num (N)=347) num (N)=347) num (N)=347) num (N)=347)
f h i
F value=3.48 F value=2.89 F value=2.91 van F value=3.26 F value=5.74
10+ Pr(>F)=0.0158 | 12 Pr (>F)=0.035| 1o} Pr (>F)=0.0344 6 Pr(>F)=0.0215| 5| Pr (>F)=0.000731

8 8 ~ 5 - 10 B
6 6l 4k st
3r 6
4 4r o+ 4
2 2k 10 2t
0 0k ok

Lung cancer
Female, age 65
Patient id: 2403
Staining: Medium
Intensity: Moderate
Quantity: 75%

Lung

Male, age 21

Normal tissue

Patient id: 2101
Staining: Not detected
Intensity: Negative
Quantity: None

Fig. 5

Lung cancer
Female, age 70
Patient id: 3986
Staining: Medium
Intensity: Strong
Quantity: <25%

Lung

Female, age 43
Normal tissue

Patient id: 4840
Staining: Not detected
Intensity: Weak
Quantity: <25%

Lung cancer
Male, age 82
Patient id: 4488
Staining: High
Intensity: Strong
Quantity: 75%

Lung

Female, age 57
Normal tissue

Patient id: 1678
Staining: Not detected
Intensity: Negative
Quantity: None

Lung cancer
Female, age 73
Patient id: 3016
Staining: High
Intensity: Strong
Quantity: >75%

Lung

Male, age 65

Normal tissue

Patient id: 1470
Staining: Not detected
Intensity: Negative
Quantity: None

Lung cancer

Male, age 68
Patient id: 2577
Staining: Medium
Intensity: Moderate
Quantity: >75%

Lung

Female, age 67
Normal tissue

Patient id: 2208
Staining: Not detected
Intensity: Negative
Quantity: None

(a—e) Expression of the five hub genes in LUAD and normal tissues (P < 0.01) from GEPIA. T: tumor, N: normal. (fj) Correlation between

expression of the five hub genes and tumor stage in LUAD using GEPIA. P < 0.05 represented a statistical difference. (k-t) Immunohistochemistry of the
five hub genes in LUAD based on the Human Protein Atlas. (k and p) MYEOV; (I and q) LAMC2; (m and r) LAMB3; (n and s) KRT6C; (o and t) KRT6A.
The top row is cancerous and the bottom row is normal lung tissue.
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database (https://www.proteinatlas.org/) was used for
immunohistochemistry (IHC) (Fig. 5k-5t).

Association between methylation
and hub gene expression

The association between the expression of the five
hub genes and their methylation status were analyzed
to identify possible mechanisms for upregulation in
lung tissues. A review of the human disease methylation
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databases (DiseaseMeth version 2.0) revealed that the
mean levels of methylation in LUAD were significantly
lower than those in healthy lung tissue for MYEOV,
LAMC2, LAMB3, KRT6C, and KRT6A (Fig. 6a—6e). Fig.
6f—6j shows the correlation between mRNA expression
and DNA methylation expression in the TCGA LUAD
patient dataset. The negative correlations between them
indicated that mRNA expression levels of these genes
were maintained by methylation (cBioPortal dataset
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https://www.cbioportal.org/). Relationship between hub genes and immune
.. . signaling pathway
Association between hub gene expression GSEA was performed to investigate the functions of

and immune infiltration MYEOV, LAMB3, LAMC2, KRT6C, and KRT6A. KRT6A
For the lung cancer hub genes, we used the TIMER  was enriched in “peroxisome,” “FC epsilon RI signaling

platform to investigate possible associations between gene  pathway,” and “complement and coagulation cascade”
expression and immune infiltration. MYEOV, LAMB3,  pathways (Fig. 8). KRT6C was enriched in “antigen

LAMC2, KRT6C, and KRT6A were positively correlated  processing and presentation,” “cytosolic and sensing

with tumor purity and B cells (Fig. 7). CD4+ T cells, CD8+  pathway,” and “Toll-like receptor signaling pathway.”
T cells, neutrophils, macrophages, and dendritic cells [ AMB3 was enriched in “calcium signaling pathway”
showed no or low correlation with MYEOV, LAMB3, and “FC epsilon Rl signaling pathway.” MYEOV was
LAMC2, KRT6C, and KRT6A. enriched in “RIG-I-like receptor signaling pathway.”

LAMC2 was enriched in “dorsoventral axis formation”
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and “FcEpsilonRI signaling pathway.”

Discussion

Survival after diagnosis of NSCLC improved from 2013
to 2016 in the United States and is related to the use of
targeted therapies . As a molecularly heterogeneous
disease, understanding the biology is critical for the
treatment of lung cancer. The treatment of lung cancer has
transformed owing to the identification of targetable gene
alterations and the utilization of individualized therapy
resulting from tumor genotyping. In comparison to those
without targeted therapies, the survival of patients who
are treated with genotype-directed therapy has improved
el New diagnostic and prognostic markers that might
support the treatment of lung cancer are crucial.

Our study used the WGCNA approach to construct
co-expression modules of genes related to lung cancer. In
comparison to traditional microarray expression profiling,
WGCNA focused more on a batch of gene modules
rather than on individual genes, which may avoid the
drawbacks of treating genes separately and prevent
missing the transcriptional molecular networks!'”. In our
study, comprehensive bioinformatics analyses, including
WGCNA, were used to screen five genes connected to the
progression and prognosis of LUAD.

MYEOV is found in the chromosomal region
(chr) 11q13.3, which is associated with carcinogenic
amplification "#'°). This region has been studied in
various cancers, including colon ), gastric!*!!, esophageal
squamous cell ??, neuroblastoma !, and multiple
myeloma . MYEOYV is a prognostic factor in multiple
myeloma ?¥. The molecular mechanisms of carcinogenic
amplification are still unclear.

Laminin-5 is a large molecule of a3, 3, and p2 chains
encoded by LAMAS3, LAMB3, and LAMC?Z, respectively,
and is necessary for cancer diagnosis. Outcomes for
patients with stage I LUAD correlated with dysregulated
LAMC2 protein expression %), Moreover, LAMB3
cleavage by membrane type-1-matrix metalloproteinase
(MT1-MMP) 8 and matrilysin ?*! was associated with
increased carcinoma cell migration. Our results implied
that LAMCZ and LAMB3 expression are upregulated in
tumor tissues compared to that in healthy tissues and
arerelated to advanced tumor stage (Fig. 5f-5j). However,
the influence of LAMCZ and LAMB3 overexpression in
lung cancer is unclear.

The most common proteins in exhaled breath
condensate samples are KRT6C and KRT6A, and their
expression levels in lung cancer tissues are high B We
found that KRT6C and KRT6A overexpression were
associated with poorer prognosis and advanced tumor
stage in LUAD (Fig. 4 and Fig. 5f-5j).

Our study had several limitations. First, as with

http://otm.tjh.com.cn

most data mining methods, technical artifacts or
tissue contaminations may have influenced our
WGCNA results. Second, owing to HPA limitations,
the immunohistochemical data shown were from an
assortment of patient samples that may not be relevant
for LUAD.

DiseaseMeth 2.0 and cBioPortal were also utilized
to explore DNA methylation patterns that may have an
aberrant expression in LUAD. In comparison to standard
samples, MYEOV, LAMB3, LAMC2, KRT6C, and KRT6A
were found to be hypomethylated and associated with
the upregulation of the five hub genes observed in LUAD.
DNA methylation abnormalities are significantly related
to the oncogenic properties of alternative promoters 3!,
Feinberg pointed out that DNA methylation is responsible
for the occurrence of cancer progenitor cells 52. DNA
hypomethylation of promoter region melanoma-related
CT antigen MAGE was associated with recrudescence
in colorectal cancer and melanoma %, In breast and
colorectal cancers, overexpression of P-cadherin is caused
by hypomethylation of the promoter region of CDH3 and
promotescell invasion, motility, and migration .

We used TIMER and GSEA for each hub gene to
investigate biological functions. Tumor purity and B cells
positively correlated with MYEOV, LAMB3, LAMC2,
KRT6C, and KRT6A. In LUAD samples, no significant
associations were found between these hub genes and
other immune infiltrates. GSEA indicated that single
hub genes were significantly enriched in immune
pathways. Increased expression of T and B cells, such
as adenocarcinoma B cells and CD8 cells, predicts OS in
patients with LUAD .. Moreover, further research needs
to be conducted to study the correlation between the hub
genes and smokers carrying lung cancer, in terms of an
increase in the development of squamous cell carcinoma.
Deficient-type GSTM1 has been shown to increase the
risk of squamous cell carcinoma development 7. We
believe that the five hub genes are mainly expressed in
lung cancer cells and are related to B cell functions.

Conclusion

We identified five hub genes (MYEOV, LAMBS3,
LAMC2, KRT6C, and KRT6A) that were correlated
with the development and prognosis of lung cancer
and potentially regulated by epigenetic mechanisms.
Additional research is required to demonstrate their
contribution to the pathogenesis of lung cancer and
confirm their utility as diagnostic and/or predictive
biomarkers.
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Silencing Neuropilin 1 gene reverses TGF-B1-induced
epithelial mesenchymal transition in HGC-27 gastric
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Objective The aim of this study was to determine Neuropilin 1 (NRP1) contribution to transforming
growth factor 1 (TGF-B1)-induced epithelial mesenchymal transition (EMT) of HGC-27 gastric cancer cells
and study its mechanism.

Methods In this study, TGF-B1 was used to induce EMT in HGC-27 cells. Further, these cells were stably
transfected with siRNA targeting NRP1. Wound healing and transwell assays were used to measure cell
migration and invasion, respectively. NRP1 and EMT markers were measured using quantitative real time
reverse transcription polymerase chain reaction and western blotting.

Results Exposure of TGF-B1 conferred a fibroblastic-like shape to cancer cells and significantly
increased the expression of NRP1in HGC-27 cells. TGF-B1 subsequently promoted migration and invasion
of HGC-27 cells. Furthermore, silencing NRP1 inhibited the invasion and migration of TGF-B1-induced cells
undergoing EMT.

Conclusion Silencing NRP1 can inhibit cell migration, invasion, and metastasis and reverse the TGF-$1-
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Gastric cancer (GC) is one of the most important
cancers worldwide. It is the fifth most frequently
diagnosed cancer and is the third leading cause of cancer
death in patients .

Epithelial-mesenchymal transition (EMT) is perceived
as a significant phenotypic transformation that occurs
during early-stage development . It has become
progressively certain that EMT has significant roles in
malignancy, diminishes the affectability of disease cells
to therapeutics, and advances malignant cell growth
and metastasis .. Lost E-cadherin articulation, which
is recognized in gastrointestinal malignancies, is related
to a poor prognosis with faster disease progress . The
articulation and initiation of the EMT-prompting

interpretation factors result as a response to different
signaling pathways, including those that are interceded
by transforming growth factor f (TGF-B), Wnt, Sonic
Hedgehog (Shh), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), epidermal growth factor
(EGF), bone morphogenetic protein (BMP), Notch and
integrin 5% During EMT, cells lose their epithelial
attributes with a rise in mesenchymal phenotype before
entering systemic circulations during metastasis .
Neuropilins are single-pass transmembrane proteins.
Neuropilin 1 (NRP1) was described in 1987 as the first
member of the family, and later, in 1997, neuropilin 2
(NRP2) was insulated by Chen et al >3, In 1998, Soker
et al. isolated NRP1 from endothelial cells and tumor
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tissues [". Indeed, NRP expression is not just restricted
to intra-tumoral vessels, but a vast majority of cancer
cells are reported to express NRPs [, Since its discovery,
NRP1 has been widely used as a selective tumor targeting
agent in both preclinical and human studies, and NRPs
have rapidly become recognized as key regulators of
angiogenesis, lymphangiogenesis, EMT, and tumor
progression !¢, Clinical-pathological data seem to indicate
a correlation between the increased expression of NRPs
and the advanced stage of tumors with poor prognosis,
and they are more broadly observed in a large variety of
diverse tumor types and the generation of cancer stem cells
[17-20] Non-small cell lung cancer (NSCLC) patients with a
high articulation of NRP1 have a shorter disease-free and
endurance rate ?!). NRP1 upregulation in gastrointestinal
carcinomas appears to correlate with invasive behavior
and metastatic potential ?2. It has been shown that NRPs
interact with TGF-B, hepatocyte growth factor (HGF),
and signal PDGF [23-2],

Few ecological signs have been found to control
the NRP’s articulation of tumor cells in vitro. It is not
completely understood how NRPs can control such a wide
scope of various signaling receptors. The mechanism by
which NRP1 impacts tumorigenesis is not yet thoroughly
characterized. In this study, we hypothesized that NRP1
contributes to the responsiveness of the TGF-B1-induced
EMT pathway in the HGC-27 cells, which is important
for the progression and metastasis of tumors. We also
hypothesized the anticipated cure for GC by targeting
NRP-1.

Materials and methods

Cell culture

The human GC cell line HGC-27 was bought from the
cell bank of the Chinese Academy of Sciences (China).
The cells were cultured in RPMI 1640 (Gibco, USA)
complemented with 10% fetal bovine serum (FBS)
(Jiangsu Ke Te Biological Co., Ltd., China), 100 pg/mL
streptomycin, and 100 U/mL of penicillin (Invitrogen,
USA) at 37 °C in a humidified atmosphere containing 5%
CO..

Establishment of TGF-B1-induced EMT model
Recombinant human TGF-B1 (Invitrogen Biotechno-
logy Co., Ltd., USA) was used to initiate EMT in HGC-27
cells. Cells were simmered for 24 h and seeded in 6-well
plates for TGF-B1 incentive, and these cells were cultured
with RPMI 1640 accompanied with 2% FBS comprising
5 ng/mL TGF-P1 every 2 d until 7 d in 37 °C incubator
with 5% CO; to achieve the EMT state. Cell morphology
changes were observed using quantitative real-time
reverse transcription-polymerase chain reaction (qRT-
PCR) and western blotting to find the mRNA and protein
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expression of NRP1, E-cadherin, Vimentin, and Snail,
respectively, and to screen out the best TGF-B1-induced
EMT model.

Gene expression knockdown by RNA
interference of HGC-27 cells

In tumor cells, NRP1 expression was suppressed by
transfecting targeted siRNA sequences with Lipofectamine
2000 (Invitrogen, USA). The NRP1 siRNA (si-NRP1) and
negative control siRNA (si-NC) were purchased from
RiboBio (Suzhou RiboBio Co., Ltd., China). The target
arrangement was used to down-regulate NRP1 in vitro.
A nontarget siRNA sequence was utilized as a depressing
control. Cells were then grouped and transfected as
the CON group (blank control, transfected with the
phosphate-buffered saline; PBS), NC group (transfected
with the negative control siRNA), and si-NRP1 group
(transfected with the NRP1 siRNA). Lipofectamine 2000
were transfected when the cell intensity reached 30% to
50%. Later, cells were handled with the mixed solution
and cultivated for 4 to 6 h at 37 °C with 5% CO,. After
incubation, cells were transported to a complete medium
and cultivated for 48 h to 72 h. The qRT-PCR and western
blotting validated knockdown efficiency.

Wound healing assay

HGC-27 cells were cultured in a 6-well plate at a final
density of 1 x 10° cells/well and incubated overnight
for adhesion. When the confluence reached 95%, a 200
pL micropipette tip was used to create a vertical linear
scratch on the cell monolayer in the 6-well plate. Next,
the wells were washed twice with PBS to remove any
loose cells, and cells were continuously cultured in
medium supplemented with 2% FBS under the standard
conditions. The images were taken at different time
points, including 0 h, 24 h, and 48 h after the scratch.
Using Image ] software, the wound closure was analyzed.
The 24 h (or 48 h) relative percent of wound closure =
(the width at 0 h - the width at 24 h (or 48 h))/the width
at 0 h.

Cell migration and invasion assays

For the cell invasion assay, transwell chambers were
coated with Matrigel (dilution 1:8; Becton, Dickinson and
Company, USA) on the upper side of the membrane and
incubated at 37 °C overnight before starting the invasion
assay. Three wells per test group were assayed. In the
meantime, at a final density of 1x10° cells/mL, trypsin-
digested cells were combined with RPMI 1640. Then, 600
uL of RPMI 1640 containing 10% FBS were added into
the lower chamber, whereas 200 uL of the cell suspension
were transferred to the upper chamber. After 24 h of
culture, cells that did not enter through the membrane
were removed with cotton swabs and detached from the
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culture plate. Transferred cells were then fixed with 4%
polyformaldehyde for 15 min, then with a 0.1% crystal
violet solution for 15 min, and finally cleaned with PBS.
Lastly, we observed cells under the microscope. For cell
migration, the invasion assay was performed the same as
described above, except chambers were not coated with
Matrigel. Cell migration and invasion were defined by
counting the marked cells in 5 randomly selected fields
with a light microscope, and the number of cells was
computed with Image] software.

qRT-PCR

Using Trizol (Invitrogen, USA) reagent, total RNA
was extracted from HGC-27 cell lines. After confirming
the concentration and purity of the RNA, a Reverse
Transcription Kit (ZR102-1, Zeman Biotechnology
Co., Ltd. China) was used for the reverse transcription
of 2 yg RNA to cDNA with 20 pyL of the reverse
transcription system according to the manufacturer.
gqRT-PCR was directed with a 2 x SYBR qPCR Mix.
The sequences of primers are given below: NRPI
(Forward: 5'- GATCTACCCCGAGAGAGCCA -3
Reverse: 5'- TGAGCTGGAAGTCATCACCTG -3'), E
cadherin (Forward: 5'- GGCTGGACCGAGAGAGTTTC
-3' Reverse: 5'- CAAAATCCAAGCCCGTGGTG -3'),
Vimentin (Forward: 5'- TCCGCACATTCGAGCAAAGA
-3' Reverse: 5'- TGAGGGCTCCTAGCGGTTTA -3' ),
Snail (Forward: 5'- CGGCTTTTGCAGTGGACATC -3'
Reverse: 5'- CGGCTTTTGCAGTGGACATC -3'), and
GAPDH (Forward: 5'- ACCCAGAAGACTGTGGATGG
-3' Reverse: 5'- TCTAGACGGCAGGTCAGGTC -3'). The
mRNA level of the target genes was normalized by the
GAPDH mRNA level to quantify gene expression. The
gene expression was analyzed using the 22*T approach
(formula: AACT = ACT experimenta group~ ACTcontrol group- ACT =
CTtarget gene_CTimernal reference) .

Western blotting analysis

Overall proteins were mined from cells. PBS-washed
cells were lysed with RIPA lysis buffer, which contained
1% phenylmethylsulfonyl fluoride (PMSF) at 4 °C. The
whole-cell lysate obtained was centrifuged at 12,000 rpm
for 15 min. The protein intensities were calculated using
bicinchoninic acid (BCA) method. 30 pg protein were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (10% polyacrylamide) at 90 V and
moved to a polyvinylidene fluoride membrane at 120 V for
100 min. The membrane was closed with PBS containing
5% skimmed milk powder for 1 h and incubated with
primary antibodies at 4 °C overnight with anti-NRP1
(diluted at 1:1500, ARG59279), anti-E cadherin (diluted
at 1:700, A11492), anti-Vimentin (diluted at 1:1000,
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ARG69199), anti-Snail (diluted at 1:1000, A5544), and
anti-Tubulin (diluted at 1:200, GTX11270). The membrane
was washed with TBST 5 times. Afterward, the membrane
was incubated with the anti-rabbit (1:5000) secondary
antibodies for 1 h at 37°C. Washing thrice with TBST for
5 min each afterward, the membrane was incubated with
the enhanced chemiluminescence solution, followed
by X-film exposure and photographing. The intensities
of protein bands were analyzed using Image ] software.
Gray values of the target bands were normalized with
those of the internal reference band (Tubulin). Protein
expression was calculated between the target and the
internal criteria band.

Statistical analysis

All data were statistically analyzed using IBM SPSS
Statistics for Windows (version 20.0; IBM Corp. Armonk,
USA). Values were expressed as the mean + SD. An
ANOVA was used for multiple groups, while pairwise
evaluations were completed using Student’s t-tests. All
the experiments were repeated in triplicate. P < 0.05 was
considered significant.

Results

TGF-B1 induced EMT in the GC HGC-27 cells
Through EMT, HGC-27 cells can undergo a phenotypic,
reversible switch to fibroblast-like cells. TGF-f1
exposure led to the formation of spindle-shaped cells
with elongated cellular processes and diminished cell-to-
cell contacts, characteristics of EMT, as compared to the
TGF-B1 negative group (Fig. la). TGF-pfl-induced EMT
led to upregulation of migration and invasion of HGC-
27 cells (Fig. 1b and 1c). Furthermore, TGF-B1 reduced
protein expression of epithelial markers (E-cadherin)
and increased expression of Vimentin, Snail and NRP1
(Fig. 1d). qRT-PCR was performed to examine the mRNA
levels of EMT-related molecules in HGC-27 cells at 0, 2,
3, 4, and 7 d (Fig. 1le). In conclusion, TGF-f1 could be
used to stimulate the HGC-27 cell line to implement the
TGF-Bl-induced EMT model for further studies.

NRP1 expression and stable knockdown in the
GC HGC-27 cell lines

Following the transfection result, qRT-PCR
demonstrated that NRPI gene expression was significantly
downregulated in the siNRP1 group compared to the NC
and CON groups, and the differences were statistically
significant (P < 0.05). Western blotting clearly showed
that NRP1 protein was suppressed 0.47-fold in HGC-27
cells transfected with NRP1-siRNA (Fig. 2).
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Fig. 1

TGF—B1 induces EMT in HGC-27 cells. (a) Morphological changes. At 200x magnification, scale bar = 100 um; (b) The results of the wound

healing assay. At 40 x magnification, scale bar = 500 um; (c) The results of the transwell assay. At 100x magnification, scale bar = 100 pym; (d) Western
blot analysis; (e) qRT-PCR analysis. The cells were treated with 5 ng/mL TGF—1 for 0 to 7 d. Data were presented as the mean + SD; ‘P < 0.05 vs

TGF-B1 negative group

Silencing NRP1 diminishes the ability
of invasion and migration of HGC-27
via inhibition of TGF-B1-induced EMT

To examine the potential effect of NRP1 on TGF-f1-
induced EMT in HGC-27 cells, experiments were divided
into four groups: (1) blank group (without treatment),
(2) TGF-B1 + CON group (cells treated with TGF-f1 and

transfected with the PBS), (3) TGF-p1 + NC group (cells
treated with TGF-B1 and transfected with the negative
control siRNA), and (4) TGF-f1 + siNRP1 group (cells
treated with TGF-B1 and transfected with NRP1-siRNA).
As presented in Fig. 3a and 3b, 24 and 48 h after the
scratch, the wound of TGF-B1 + siNRP1group exhibited
significant closure, and the number of migratory and
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Fig.2 The NRP1 expression in HGC-27 transfected with sSiRNA was assessed with Western blotting qRT-PCR. Data were presented as the mean +

SD; 'P<0.05

invasive cells in TGF-B1+ siNRP1 group was significantly
reduced. These results demonstrated that treatment with
TGF-B1 promoted HGC-27 cell invasion and migration,
and those effects were greatly weakened after silencing
NRP1, which indicates that low expression of NRP1
attenuates TGF-B1-induced cell invasion and migration.

NRP1 contributes to the TGF-B1-induced EMT
in GC cells

HGC-27 cells were first treated with 5 ng/mL of
TGF-B1 for 96 h to initiate EMT and further treated with
siNRP1. Western blot results showed that in the TGF-f1
+siNRP1 group, E-cadherin level was increased to a great
extent, the expression of Snail and Vimentin decreased (P
< 0.05); conversely, no changes were observed in protein
expression levels between the TGF-B1 + CON and TGF-f1
+ NC groups (P = 0.05). Therefore, TGF-p1-induced EMT
was reversed by silencing NRP1 in HCG-27 cells (Fig. 3c).
qRT-PCR detected mRNA expression alterations similar
to the western blot trend (Fig. 3d). The loss of NRP1
may efficiently reverse EMT produced by TGF-f1. The
outcome expressed that the initiation of EMT markers
produced by TGF-p1 was reduced later in epithelial cells
by NRP silencing, demonstrating that the NRP1 signaling
pathways could be liable for TGF-f1-negotiated EMT.
Western blot and qRT-PCR were utilized to identify
protein and mRNA expression alterations of NRP1 in the
TGF-B1/NRP1signaling pathway during EMT, rspectively.
Results indicated that on exposure with 5 ng/mL TGF-$1,
the protein expression of NRP1 steadily reduced, which
was considerably lower in TGF-B1+SiNRPlgroup (P <
0.05), and no major change in these protein expression
were seen between the TGF-f1+NC and TGF-p1+ CON
groups (P = 0.05) (Fig. 3c and Fig. 3d). Silencing NRP1
may reverse the EMT process by regulating the TGF-f1/
NRP1 signaling pathway, indicating that NRP1 acted
downstream of the TGF-f1 pathway.

Discussion

Without activating oncogenes, EMT may struggle for a
subsistence benefit for cancer cells?”). Cancer cell invasion,
migration, resistance to apoptosis, therapy resistance,
and metastasis involves EMT 232 In distant sites of
metastasis, the mesenchymal cells coalesce and repolarize
through a reverse process known as “the mesenchymal
to epithelial transition (MET) form secondary epithelial
cells” ¥, Thus, through EMT at the primary site and with
MET at secondary sites, the neoplastic epithelial cells gain
(through evolution) the ability to invade surrounding
tissues and, therefore, can spread to further locations 4.
Interestingly, CD44 (high)/CD24 (low) cells, which are
purified from normal and malignant breast cancer tissues,
show features of EMT and exhibit stem cell-like properties
along with increased metastatic potential . Since the
mesenchymal-type cancer cells are more resistant to
chemotherapeutic agents than the epithelial-type cancer
cells B3] the status of the EMT characteristics must,
therefore, be reversed to overcome drug resistance, which
in turn could lead to the sensitization of drug-resistant
cancer cells to conventional chemotherapeutic agents.
There is increasing evidence of an association between
the acquired resistance to standard chemotherapeutic
agents and EMT in gastrointestinal malignancies (8.
In this study, the treatment of TGF-f1 caused EMT in
HGC-27 cells, further transfection with siRNA-NRP1
led to upregulation of E-cadherin and downregulation
of mesenchymal markers at dissimilar stages, as tested
by western blot analysis and qRT-PCR (Fig. 3c and Fig.
3d). On approachable epithelial cell types, EMT-inducing
signals can disturb intercellular bond complexes and cause
the intermediate loss of apical-basal polarity . Embryos
require multiple steps under EMT and MET during
complete gastrulation and primitive streak creation,
which highlights the reversibility of this procedure “°'.
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Fig. 3 The potential effect of knockdown NRP1 on TGF—-B1-induced EMT in HGC-27 cells. (a) The results of the wound healing assay. At 40x
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analysis. Data were presented as the mean + SD; ‘P < 0.05

NRP1 is a multifunctional protein that is essential for
the development of both neural and vasculature systems.
“, In most cases, NRP1 acts with a co-receptor and,
at times, a multi-protein complex of VEGF and TGF-f,
which results in a series of diverse biological roles that
encompass angiogenesis, carcinoma, and immunity
#4142 Thus, NRP1 acts as a receptor hub present on the
cell surface that promotes multiple signaling cascades
-4 In some studies conducted, the NRPI-binding
peptides or knockdown of NRP1 by siRNA inhibited
cancer cell growth and increased the sensitivity of cells
to chemotherapeutic agents (e.g., 5-FU, paclitaxel, and
cisplatin) .. Furthermore, the NRP1 may be a valuable
target for therapy in glioblastoma, melanoma, and some
in forms of leukemia 464,

Since TGF-B1 promotes metastasis, this is extremely

relevant to cancer biology . Wu er al *! using a meta-
analysis of the patients suffering from GC, reported a
TGFp-associated supermodule of stroma-related genes
that are associated with diffuse-type histology and poor
prognosis in patients with GC. Drugs that inhibit TGF-$1
signaling prevent EMT and block metastases in murine
models P TGF-f plays an important role in EMT through
regulating the expression of multiple genes and pathways,
as recently reviewed by Fuxe et al ®!. Upcoming studies,
authenticating special NRP1-interfering molecules for
this determination that is valid in vivo under preclinical
models must be conducted. While NRP1 attenuates
EMT via TGF-B1 pathway, the inhibition of NRP1 may
contribute to a TGF-B1-independent EMT reversal.

Our outcomes recommend that NRP1 guides TGF-B1
constitutive signaling activation and endures a probable
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role of NRP1 and TGF-B1 under the EMT. To demonstrate
our hypothesis that NRP1 persuades the constitutive
activation of the TGF-f1 pathway, we studied the impact
of NRP1 on TGF-P1 signaling. In this study, our data
revealed that knockdown NRP1 overpowers the EMT and
TGF-B1 signaling pathway in GC cells by targeting many
markers and proteins in the process. In future, we need in
vivo experiments to confirm that TGF-f1 promotes the
growth of HGC-27 cells and that this effect was weakened
on silencing NRP-1 expression. Resultantly, silencing
NRP-1 may attenuate TGF-pf1-generated EMT in HGC-
27 cells, indicating the prominence of the contribution of
NRP-1 as a potential marker for GC therapy.

Conflicts of interest
The authors indicated no potential conflicts of interest.

References

1. Bray F, Ferlay J, Soerjomataram |, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA: a cancer journal for clinicians
2018, 68: 394-424.

2. Drees F, Pokutta S, Yamada S, et al. Alpha-catenin is a molecular
switch that binds E-cadherin-beta-catenin and regulates actin-
filament assembly. Cell, 2005, 123: 903-915.

3. Fuchs BC, Fujii T, Dorfman JD, et al. Epithelial-to-mesenchymal
transition and integrin-linked kinase mediate sensitivity to epidermal
growth factor receptor inhibition in human hepatoma cells. Cancer
Res, 2008, 68: 2391-2399.

4. Natalwala A, Spychal R, Tselepis C. Epithelial-mesenchymal
transition mediated tumourigenesis in the gastrointestinal tract. World
J Gastroenterol, 2008, 14: 3792-3797.

5. McCormack N, O'Dea S. Regulation of epithelial to mesenchymal
transition by bone morphogenetic proteins. Cellular Signal, 2013, 25:
2856-2862.

6. Espinoza |, Miele L. Deadly crosstalk: Notch signaling at the
intersection of EMT and cancer stem cells. Cancer Lett, 2013, 341:
41-45.

7. Gantao, Chen, Weiguo, et al. Targeting of RhoE inhibits epithelial-
mesenchymal transition during colorectal cancer cell migration.
Oncol Trans| Med, 2016, 3: 119-126.

8. KatohY, Katoh M. FGFR2-related pathogenesis and FGFR2-targeted
therapeutics. Int J Mol Med, 2009, 23: 307-311.

9. Taipale J, Beachy PA. The Hedgehog and Wnt signalling pathways in
cancer. Nature, 2001, 411: 349-354.

10. Yue J, Lv D, Wang C, et al. Epigenetic silencing of miR-483-3p
promotes acquired gefitinib resistance and EMT in EGFR-mutant
NSCLC by targeting integrin beta3. Oncogene, 2018, 37: 4300-4312.

11. Nawshad A, Lagamba D, Polad A, et al. Transforming growth
factor-beta signaling during epithelial-mesenchymal transformation:
implications for embryogenesis and tumor metastasis. Cells Tissues
Organs, 2005, 179: 11-23.

12. Takagi S, Tsuiji T, Amagai T, et al. Specific cell surface labels in the
visual centers of Xenopus laevis tadpole identified using monoclonal
antibodies. Dev Biol, 1987, 122: 90-100.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

http://otm.tjh.com.cn

Chen H, Chedotal A, He Z, et al. Neuropilin-2, a novel member of the
neuropilin family, is a high affinity receptor for the semaphorins Sema
E and Sema IV but not Sema Ill. Neuron, 1997, 19: 547-559.

Soker S, Takashima S, Miao HQ, et al. Neuropilin-1 is expressed
by endothelial and tumor cells as an isoform-specific receptor for
vascular endothelial growth factor. Cell, 1998, 92: 735-745.

Yaqoob U, Cao S, Shergill U, et al. Neuropilin-1 stimulates tumor
growth by increasing fibronectin fibril assembly in the tumor
microenvironment. Cancer Res, 2012, 72: 4047-4059.
Grandclement C, Borg C. Neuropilins: a new target for cancer
therapy. Cancers, 2011,3: 1899-1928.

Ellis LM. The role of neuropilins in cancer. Mol Cancer Ther, 2006,
5:1099-1107.

Barr MP, Byrne AM, Duffy AM, et al. A peptide corresponding to
the neuropilin-1-binding site on VEGF(165) induces apoptosis of
neuropilin-1-expressing breast tumour cells. Br J Cancer, 2005, 92:
328-333.

Bielenberg DR, Pettaway CA, Takashima S, et al. Neuropilins in
neoplasms: expression, regulation, and function. Exp Cell Res, 2006,
312: 584-593.

Guttmann-Raviv N, Kessler O, Shraga-Heled N, et al. The neuropilins
and their role in tumorigenesis and tumor progression. Cancer
Letters, 2006, 231: 1-11.

Hong TM, Chen YL, Wu YY, et al. Targeting neuropilin 1 as an
antitumor strategy in lung cancer. Clin Cancer Res, 2007, 13: 4759-
4768.

Hansel DE, Wilentz RE, Yeo CJ, et al. Expression of neuropilin-1 in
high-grade dysplasia, invasive cancer, and metastases of the human
gastrointestinal tract. Am J Surg Pathol, 2004, 28: 347-356.

Glinka Y, Stoilova S, Mohammed N, et al. Neuropilin-1 exerts
co-receptor function for TGF-beta-1 on the membrane of cancer
cells and enhances responses to both latent and active TGF-beta.
Carcinogenesis, 2011, 32: 613-621.

Nasarre P, Gemmill RM, Potiron VA, et al. Neuropilin-2 Is
upregulated in lung cancer cells during TGF-beta1-induced epithelial-
mesenchymal transition. Cancer Res, 2013, 73: 7111-7121.

Evans IM, Yamaji M, Britton G, et al. Neuropilin-1 signaling through
p130Cas tyrosine phosphorylation is essential for growth factor-
dependent migration of glioma and endothelial cells. Mol Cell Biol,
2011, 31: 1174-1185.

Banerjee S, Sengupta K, Dhar K, et al. Breast cancer cells secreted
platelet-derived growth factor-induced motility of vascular smooth
muscle cells is mediated through neuropilin-1. Mol Carcinog, 2006,
45: 871-880.

Singh A, Greninger P, Rhodes D, et al. A gene expression signature
associated with “K-Ras addiction” reveals regulators of EMT and
tumor cell survival. Cancer Cell, 2009, 15: 489-500.

Zheng X, Zhang Y, Liu'Y, et al. HIF-2alpha activated IncRNA NEAT1
promotes hepatocellular carcinoma cell invasion and metastasis
by affecting the epithelial-mesenchymal transition. J Cell Biochem,
2018, 119: 3247-3256.

Yang F, Gu Y, Zhao Z, et al. NHERF1 suppresses lung cancer
Cell migration by regulation of epithelial-mesenchymal transition.
Anticancer Res, 2017, 37: 4405-4414.

Buhrmann C, Shayan P, Kraehe P, et al. Resveratrol induces
chemosensitization to 5-fluorouracil through up-regulation of
intercellular junctions, epithelial-to-mesenchymal transition and
apoptosis in colorectal cancer. Biochem Pharmacol, 2015, 98: 51-68.



Oncol Transl Med, December 2020, Vol. 6, No. 6

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lovisa S, LeBleu VS, Tampe B, et al. Epithelial-to-mesenchymal
transition induces cell cycle arrest and parenchymal damage in renal
fibrosis. Nat Med, 2015, 21: 998-1009.

Du B, Shim JS. Targeting Epithelial-Mesenchymal Transition (EMT)
to Overcome Drug Resistance in Cancer. Molecules, 2016, 21: 965.
Neelakantan D, Drasin DJ, Ford HL. Intratumoral heterogeneity:
Clonal cooperation in epithelial-to-mesenchymal transition and
metastasis. Cell Adh Migr, 2015, 9: 265-276.

Peng W, Zhang J, Liu J. URG11 predicts poor prognosis of pancreatic
cancer by enhancing epithelial-mesenchymal transition-driven
invasion. Med Oncol, 2014, 31: 64.

Kotiyal S, Bhattacharya S. Epithelial mesenchymal transition and
vascular mimicry in breast cancer stem cells. Crit Rev Eukaryot Gene
Expr, 2015, 25: 269-280.

Hendijani F, Javanmard SH, Sadeghi-aliabadi H. Human Wharton's
jelly mesenchymal stem cell secretome display antiproliferative
effect on leukemia cell line and produce additive cytotoxic effect in
combination with doxorubicin. Tissue Cell, 2015, 47: 229-234.
Kitahara H, Hirai M, Kato K, et al. Eribulin sensitizes oral squamous
cell carcinoma cells to cetuximab via induction of mesenchymal-to-
epithelial transition. Oncol Rep, 2016, 36: 3139-3144.

Toden S, Okugawa Y, Jascur T, et al. Curcumin mediates
chemosensitization to 5-fluorouracil through  miRNA-induced
suppression of epithelial-to-mesenchymal transition in chemoresistant
colorectal cancer. Carcinogenesis, 2015, 36: 355-367.
Meyer-Schaller N, Heck C, Tiede S, et al. Foxf2 plays a dual
role during transforming growth factor beta-induced epithelial to
mesenchymal transition by promoting apoptosis yet enabling cell
junction dissolution and migration. Breast Cancer Res, 2018, 20: 118
Nieto MA. Epithelial plasticity: a common theme in embryonic and
cancer cells. Science, 2013, 342: 1234850.

Guo HF, Vander Kooi CW. Neuropilin functions as an essential cell
surface receptor. J Biol Chem, 2015, 290: 29120-29126.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

265

Roy S, Bag AK, Singh RK, et al. Multifaceted role of neuropilins in the
immune system: potential targets for immunotherapy. Front Immunol,
2017, 8: 1228.

Vadasz Z, Attias D, Kessel A, et al. Neuropilins and semaphorins -
from angiogenesis to autoimmunity. Autoimmun Rev, 2010, 9: 825
829.

Yasmin T, Ali MT, Haque S, et al. Interaction of quercetin of onion with
axon guidance protein receptor, NRP-1 plays important role in cancer
treatment: an in silico approach. Interdiscip Sci, 2017, 9: 184-191.
Kamarulzaman EE, Vanderesse R, Gazzali AM, et al. Molecular
modelling, synthesis and biological evaluation of peptide inhibitors
as anti-angiogenic agent targeting neuropilin-1 for anticancer
application. J Biomol Struct Dyn, 35: 1-49.

Zhang G, Chen L, Sun K, et al. Neuropilin-1 (NRP-1)/GIPC1 pathway
mediates glioma progression. Tumour Biol, 2016, 37: 13777-13788.
BaiJ, Zhang Z, Li X, et al. MicroRNA-365 inhibits growth, invasion and
metastasis of malignant melanoma by targeting NRP1 expression.
Cancer Biomark, 2015, 15: 599-608.

Abaza HM, Alfeky MAA, Eissa DS, et al. Neuropilin-1/CD304
expression by flow cytometry in pediatric precursor B-Acute
lymphoblastic leukemia: a minimal residual disease and potential
prognostic marker. J Pediatr Hematol Oncol, 2018, 40: 200-207.

Wu Y, Grabsch H, Ivanova T, et al. Comprehensive genomic meta-
analysis identifies intra-tumoural stroma as a predictor of survival in
patients with gastric cancer. Gut, 2013, 62: 1100-1111.

Spender LC, Ferguson GJ, Liu S, et al. Mutational activation of BRAF
confers sensitivity to transforming growth factor beta inhibitors in
human cancer cells. Oncotarget, 2016, 7: 81995-82012.

Vincent CT, Fuxe J. EMT, inflammation and metastasis. Semin
Cancer Biol, 2017, 47: 168-1609.

DOl 10.1007/s10330-020-0412-2

Cite this article as: Xu WG, Yang X, Zhan QQ, et al. Silencing
Neuropilin 1 gene reverses TGF-B1-induced epithelial mesenchymal
transition in HGC-27 gastric cancer cell line. Oncol Trans| Med, 2020, 6:
258-265.




Oncology and Translational Medicine
DOI 10.1007/s10330-020-0429-9

December 2020, Vol. 6, No. 6, P266-P271

ORIGINAL ARTICLE

Influence of lymph node micrometastasis
on the staging system for gastric cancer*®

Lixiong Gao ' (<), Xiankun Ren', Guiquan Li', Benhua Wu', Xuan Chen?

! Department of Gastroenterology, Medical Center Hospital of Qionglai, Qionglai 611530, China
2 Department of Gastroenterology, The Affiliated Hospital of Southwest Medical University, Luzhou 646000,

China

Abstract

Received: 12 May 2020

Objective The aim of this study was to investigate the effect of lymph node micrometastasis on the
prognosis of patients with gastric cancer and the necessity of integrating it into the gastric cancer staging
system.

Methods In total, 241 patients with gastric cancer were included. Hematoxylin and eosin staining of
lymph nodes was performed, and negative lymph nodes were evaluated by immunohistochemistry to detect
micrometastases. Differences in survival rates between stages were evaluated.

Results (1) A total of 78 patients (32.4%) had lymph node micrometastases. Compared with the group
without micrometastases, the overall recurrence rate, lymph infiltration, vascular invasion, and nerve
invasion rate in the micrometastasis group were significantly higher (P < 0.05). (2) According to the
standard N staging system, the rates of disease-free survival (DFS) for the NO, N1, N2, N3a, and N3b
groups were 96.0%, 84.0%, 67.6%, 59.0%, and 21.7%, respectively. There was no significant difference
in survival between N2 and N3a. The cumulative survival curves for N2 and N3a intersected. (3) The
N stage of 38 patients (15.8%) differed between the traditional system and the new N staging system
reflecting micrometastasis. The DFS for NO, N1, N2, N3a, and N3b were 97.0%, 86.3%, 74.2%, 65.4%,
and 29.2%, respectively. There was no significant difference in survival between N2 and N3a, but the
cumulative survival curves for N2 and N3a did not intersect. (4) Based on a Cox multivariate analysis,
various independent risk factors for recurrence were identified (P < 0.05).

Conclusion Lymph node micrometastasis is an important risk factor for gastric cancer recurrence.
Lymph node micrometastasis should be considered in TNM staging to determine prognosis and optimal
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treatment strategies.
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In gastric cancer, lymph node metastasis is recognized
as the most important determinant of prognosis. As a
special form of lymph node metastasis, the clinical value
of micrometastasis is still controversial. Its significance
was described in the seventh edition of the TNM
classification *®. Many previous studies have supported
the prognostic value of lymph node micrometastasis in
gastric cancer; however, it is not clear whether it should
be considered in the lymph node staging system for gastric
cancer . In this study, we performed a prospective
analysis of 241 patients with gastric cancer, including
immunohistochemical (IHC) staining of lymph nodes,
analyses of clinical pathological data, and a comparison

between the newlymph nodestaging system incorporating
micrometastasis with the traditional lymph node staging
system. Our findings provide a basis for determining the
significance of lymph node micrometastasis in gastric
cancer staging.

Materials and methods

Patient origin and immunohistochemical
staining

From February 2010 to December 2016, 241 patients
who underwent radical gastrectomy in the Department
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of Gastrointestinal Surgery, Qionglai Medical Center
Hospital were selected as the study subjects. Surgical
specimens were maintained in the Department of
Pathology of our hospital. The patients were divided
into two groups according to the detection of lymph
node micrometastasis. Clinical and pathological results
were obtained, including age, sex, tumor size, WHO
classification, Lauren classification, average number of
lymph nodes dissected, average number of metastatic
lymph nodes, lymph node infiltration, vascular
infiltration, peripheral infiltration, and TNM stage (7th
AJCC). Clinical pathological results and recurrence rates
were compared between the two groups.

Definition of lymph node micrometastasis

Lymph node micrometastasis includes two forms:
isolated tumor cells (ITC) and micrometastasis. ITC refers
to a single tumor cell with a diameter of less than 0.2 mm
6. At present, there is no evidence that ITC contributes
to tumor metastasis. Therefore, micrometastasis in this
study refers to a tumor cell cluster with a size of 0.2-2.0
mm, excluding ITCs.

Immunohistochemical staining

Specimens were stained with hematoxylin & eosin
(HE) before anti-CAM5.2 THC staining. The CAM5.2
antibody  can  recognize  low-molecular-weight
cytokeratin expressed in tumor cells and can detect
micrometastasis in surgical specimens . To improve the
micrometastasis detection rate, two or more lymph node
sections were used for IHC staining. Brownish-yellow
staining indicated micrometastasis in lymph nodes. The
lymph nodes with positive HE staining were defined as
macrolymph node metastasis or micrometastasis.

Follow-up

The 3-year disease-free survival (DFS) rates were
evaluated according to the N stage determined by
AJCC stage 7 and the new staging standard. In the
new staging system, lymph node micrometastasis was
defined as positive lymph nodes, and the number of
metastatic lymph nodes was calculated by the sum of
macrometastasis and micrometastasis lymph nodes. DFS
was defined as the time from randomization to relapse or
death for any reason.

Statistical analysis

All data were analyzed using SPSS 20.0. Counts are
presented as the number of cases and were evaluated by
the chi-squared test. Measurement data are presented as
means + standard deviation and were evaluated by the
t-test. The Kaplan—-Meier method and log rank test were
used for the survival analysis. Factors with statistically
significant differences in a single-factor survival analysis
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were included in a multivariate Cox regression analysis. P
< 0.05 was considered statistically significant.

Results

Comparison of demographic characteristics
and clinicopathological parameters

The average age of 241 patients was 59.3 + 13.4 years
(25-87 years). There were 163 males (67.6%) and 78
females (32.4%). The mean follow-up time was (76.8 =
2.3) months (2.3-106.8 months), and the 3-year DFS rate
was 78.9%. A total of 78 patients (32.4%) had lymph
node micrometastasis and 163 (67.6%) had no lymph
node micrometastasis. There were significant differences
in tumor size, WHO classification, Lauren classification,
average number of lymph nodes, average number of
metastatic lymph nodes, T stage, and N stage between
the two groups (P < 0.05). There were no significant
differences in age and gender between the two groups
(Table 1).

Comparison of recurrence and metastasis
between groups

Compared with the group without micrometastasis,
the overall recurrence rate was significantly higher in
the micrometastasis group (P < 0.05). The most common
types of recurrence were peritoneal, hematogenous, and
local lymph nodes in the micrometastasis group and
hematogenous, peritoneal, and local lymph nodes in the
non-micrometastasis group. The incidences of lymphatic
invasion, vascular invasion, and nerve invasion in the
micrometastasis group were significantly higher than
those in the non-micrometastasis group (P < 0.05; Table
2).

Immunohistochemical staining of lymph node
metastasis

Micrometastasis was detected by CAM5.2 immunohis-
tochemistry. The macrometastasis and micrometastases
were brownish-yellow on IHC staining. There were
significant brownish-yellow masses in the macroscopic
metastases and scattered and single cell clusters in the
micrometastases (Fig. 1).

Survival curve for the traditional N staging
system

According to the traditional N staging standard of
AJCC 7th edition, the DFS of patients with NO, N1, N2,
N3a, and N3b disease were 96.0%, 84.0%, 67.6%, 59.0%,
and 21.7%, respectively. A log rank test showed that the
differences between NO and N1, N1 and N2, and N3a
and N3b were statistically significant. However, there
was no significant difference between N2 and N3a. In
the conventional staging system, the cumulative survival
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Table 1 demographic characteristics and clinicopathological results
Index Microtransmission group (n =78)  No-Microtransmission group (n = 163) tly? P
Age 596+ 124 59.8 +14.2 -0.106 0.915
male 49 114 1.221 0.269
Tumor diameter (cm) 6.5+33 43131 5.047 0.000
WHO classification 20.148 0.001
well-differentiated 15 57
moderately differentiated 39 46
poorly differentiated 10 21
mamillary 3 26
Myxoid carcinoma 4 6
signet ring cell cancer 7 7
Lauren classification 10.687 0.001
Intestinal 26 91
diffuse 52 72
Operation type 15.611 0.000
Subtotal gastrectomy 45 133
Total gastrectomy 33 30
Dissected lymph nodes 446 £17.2 36.8+17.5 3.255 0.001
Metastatic lymph nodes 11.3+13.6 35+114 4.661 <0.001
T stage 72.857 <0.001
™ 10 109
T2 7 18
T3 4 2
T4a 53 31
T4b 4 3
N stage 53.646 <0.001
NO 10 101
N1 14 19
N2 18 14
N3a 16 15
N3b 20 14
Table 2 Comparison of recurrence and metastasis rate between the two groups
Index Microtransmission group (n =78)  No-Microtransmission group (n = 163) X P
Lymphatic invasion 40 39 17.916 <0.001
Vascular invasion 32 25 19.279 0.001
Perineural invasion 5 10 0.007 0.934
Recurrence (%) 32 (41.0) 21(12.8) 24.355 <0.001
Peritoneal 13 8
Hematogenous 1 9
Local lymph node 8 4

curves for N2 and N3a intersected (Fig. 2).

Survival curve for the N staging system
reflecting micrometastasis

The N stages for 38 patients (15.8%) changed with
the new N staging system. In addition, 8 cases (3.3%)
experienced two or more n-phase increases. In this system,
the DFS of patients with NO, N1, N2, N3a, and N3b were
97.0%, 86.3%, 74.2%, 65.4%, and 29.2%, respectively.
The differences in survival between NO and N1, N1 and
N2, and N3a and N3b were statistically significant. There

was no significant difference in survival between N2
and N3a stages; however, in the new staging system, the
cumulative survival curves for N2 and N3a did not cross
(Fig.3).

Multivariate analysis of prognostic factors
for DFS

Based on univariate analyses, a Cox multivariate
analysisshowed that the combination of nerve infiltration,
pathological T stage, number of lymph nodes dissected,
and macrometastasis and micrometastasis of lymph nodes
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Fig. 1

Immunohistochemical staining of metastases. (a, d) negative staining (a: x200, d: x400); (b, e) positive macroscopic metastasis of lymph nodes

(b: x200, e: x400); (c, f) positive micrometastasis of lymph nodes (c: x200, f: x400)
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Fig. 2 survival curve of traditional N stage

were independent risk factors for the recurrence of gastric
cancer (P < 0.05; Table 3).

Discussion

Many studies have explored the clinical effect of lymph
node micrometastasis on pNO gastric cancer by routine
pathological examination, focusing on its role in the
minimally invasive treatment of early gastric cancer, such
as sentinel lymph node navigation surgery and endoscopic
submucosal cleaning surgery .. In this prospective study,
we focused on the effect of micrometastasis on N-staging.
In particular, we evaluated the significance of lymph node
micrometastasis in gastric cancer staging. ITCs were also
detected by immunohistochemistry but were excluded
from analyses owing to the lack of clinical evidence that
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Fig. 3 survival curve of N stage reflecting micrometastasis

they affect prognosis .

The recurrence rate of micrometastases is related
to demographic and clinicopathological factors 11,
We hypothesized that lymph node micrometastasis has
the same clinical value as lymph node metastasis and
constructed a new staging system. By comparing the
performance of the traditional N-staging system with
that of the new N-staging system, the advantages and
disadvantages of each were evaluated. With respect
to the performance of staging systems, Ueno proposed
three criteria ¥ (1) intragroup homogeneity, (2)
heterogeneity between group, and (3) monotonicity
of the correlation gradient between groups. Compared
with the traditional staging system, the new system was
more discriminative for the prognosis of each N-phase,
and DFS showed more significant differences between
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Table 3 multivariate analysis of prognostic factors of DFS
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univariate analysis

multivariable analysis

Index HR 95%CI P HR 95%Cl P
Age 1.654 1.354-5.124 0.458 — — —
Male 0.968 0.074-1.587 0.500 — — —
Tumor diameter 2.865 1.652-4.998 <0.001 1.018 0.946-1.096 0.652
Operation type 2144 1.021-3.897 <0.001 1.033 0.619-1.746 0.912
WHO classification 1.104 0.631-1.934 0.730 — — —
Lauren classification 0.658 0.357-1.225 0.189 — — —
Lymphatic invasion 3.153 1.398-6.874 <0.001 1.354 0.438-1.249 0.266
Vascular invasion 3.356 1.287-6.538 <0.001 1.117 0.679-1.830 0.293
Perineural invasion 4.159 1.874-7.698 <0.001 2.069 1.190-3.551 0.011
T stage
T1 1 — <0.001 1 — <0.001
T2 2.884 1.987-4.521 0.158 3.191 0.697-14.617 0.136
T3 17.654 9.687-36.3254 <0.001 12.800 3.079-53.654 <0.001
T4a 35.954 18.554-54.335 <0.001 30.668 9.879-95.654 <0.001
T4b 107.632 68.147-198.35 <0.001 72.697 19.547-276.325 <0.001
Dissected lymph nodes 1.015 0.236-2.987 0.003 0.971 0.955-0.986 <0.001
Metastatic lymph nodes 1.035 0.257-2.148 <0.001 1.049 0.013-1.089 <0.001
Microtransmission 1.098 0.336-1.987 <0.001 1.068 1.024-1.179 0.002

different N-phases.

Generally speaking, prognosis is better for stage
N3a than for N2. In the conventional N staging system
evaluated in this study, the DFS curves for N2 and N3a
intersected, suggesting that the survival rate for patients
classified as N3a continues to exceed that of patients
classified as N2 over time, and the difference grows. This
phenomenon may be explained by the inability to detect
micro-transfer, which the traditional staging system does
not reflect. To account for this difference, we designed
a new hypothetical staging system, including the total
number of macrometastatic and micrometastatic lymph
nodes. In the new N staging system, the survival curves
for N2 and N3a no longer crossed. Stages N2 and N3a had
stronger discrimination ability with respect to prognosis,
and their correlation showed a more monotonous trend.

The inclusion of lymph node micrometastasis in the N
staging system would influence treatment strategies; the
reclassification of stages will lead to changes in adjuvant
treatment, especially radiotherapy and chemotherapy [+
1. In this study, because the number of metastatic lymph
nodes increased with the number of micrometastasis
lymph nodes, the N stage for 38 patients (15.8%) was
higher in the new system than in the traditional system,
and the corresponding TNM stage was adjusted to a later
stage. Considering previous reports on micrometastasis
proliferation, this phenomenon should not simply be
considered an “overestimation” of stages by the new
staging system. On the contrary, it can be regarded as
an “underestimation” by the traditional staging system.
Therefore, in these cases, more aggressive treatment may

be needed. In particular, when considering minimally
invasive surgery, the operator should cautiously consider
the influence of lymph node micrometastasis. Jee et al
Pl have reported that if endoscopic mucosal resection or
ESD is performed according to traditional staging criteria,
metastatic lymph nodes may be missed. If micrometastasis
is not considered in staging, patients may be at risk of
lymph node metastasis after endoscopic mucosal resection
or ESD.

To sum up, the results of this study showed that lymph
node micrometastasis is an important risk factor for gastric
cancer recurrence. Lymph node micrometastasis should
be considered in TNM staging to determine prognosis
and the best treatment strategy. However, this study had
some limitations. (1) The sample size was small. (2) It was
a single-center study, and there may be sampling bias.
(3) The detection method for micrometastasis needs to
be further improved; in the future, RT-PCR with higher
sensitivity and specificity can be used.
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Objective The aim of the study was to evaluate the efficiency of salvage treatments for prostate specific
antigen (PSA) relapse of cTsNoM, prostatic adenocarcinoma (PCa) after radical prostatectomy (RP)
combined with neoadjuvant androgen deprivation (ADT).

Methods A total of 332 patients with cT;NoM, PCa were enrolled in the prospective study and received
RP and pelvic lymph node dissection with neoadjuvant ADT for 3 months. All patients with PSA relapse
were treated with salvage external beam radiation therapy (RT) and ADT for 6 months.

Results The 5-year postoperative PSA relapse rate was 40.96% (136/332). The patients have been
divided into the PSA relapse and PSA relapse-free groups in order to compare patient characteristics.
The ratio of patients with Gleason score = 8 and positive surgical margin in the PSA relapse group were
significantly higher than those of in the PSA relapse-free group (P = 0.01). The mean duration between the
start of operative treatment and PSA relapse was 31 months. Salvage treatment to all 136 PSA relapse
patients led to favorable outcomes. PSA relapse was not observed after salvage treatment by the end of
follow-up. The 5-year overall survival rates of the PSA relapse and PSA relapse-free groups were 94.9%
and 93.9%, respectively.

Conclusion In pursuit of curative treatment, our study showed that RP combined with neoadjuvant ADT
is an aggressive multimodality strategy associated with lower PSA relapse and better survival outcomes for
stage c¢TsNoM, PCa patients. Patients with PSA relapse after RP may benefit from early aggressive salvage
RT combined with short-term ADT.

Key words: prostatic adenocarcinoma (PCa); radical prostatectomy (RP); neoadjuvant androgen
deprivation (ADT); external beam radiation therapy; salvage treatment; prostate specific antigen (PSA)
relapse

TsNoM, prostatic adenocarcinoma (PCa) is a locally
advanced disease characterized by tumors having various
properties, with some exhibiting remarkably malignant
behavior. To date, no standard treatment for the disease
can be defined in the absence of level 1 evidence.
A multimodal therapy comprising local treatment
combined with a systemic one provides the best outcome,
provided the patient is ready and fit enough to receive
both. Nevertheless, the optimal local treatment is still a

matter of debate.

There are many local treatment opinions as well as
discussions about the use of operative procedures and
radiation; however, most curative procedures are based
on multidisciplinary strategies combined with androgen
deprivation therapy (ADT). Surgery for locally advanced
PCa as part of a multimodal therapy has been reported
(181 A prospective phase III RCT (SPCG-15) comparing
radical prostatectomy (RP) with or without adjuvant
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or salvage external beam radiation therapy (EBRT)
against primary EBRT and ADT among patients with T
PCa is currently recruiting *, and RP and laparoscopic
techniques are continuously developing °. However, the
comparative oncological effectiveness of RP as part of a
multimodality treatment strategy versus upfront EBRT
with ADT for Ts PCa remains unknown.

We treated Ts PCa patients with RP combined with
neoadjuvant ADT from 2005 to 2014. When prostate-
specific antigen (PSA) relapse occurred, these patients
were treated with salvage EBRT and ADT. Outcomes for
T3NoM, PCa patients from two hospitals were reported.

Patients and methods

Patients

A total of 332 patients with cTsNoM, PCa were
diagnosed and treated at two investigative hospitals in
China between 2005 and 2014. All patients had been
initially diagnosed as having PCa and had not received
any prior Gn-RH analogue or hormonal treatment. Their
outcomes were documented in the present study after
obtaining their informed consent and ethical approval of
hospitals. Records of patient outcomes were completed
by the end of 2019. The classification of stages was
performed according to the National Comprehensive
Cancer Network guidelines ©. Pretreatment biopsy
consisted of 12 cores that were performed via the perineal
route, and the pathological findings were classified
using the Gleason grading system with the ISUP 2005
modification .. Ultrasonography, magnetic resonance
imaging, computed tomography, and whole-body bone
scan were performed in all patients. Their mean age was
73.2 years (range: 61-80 years) and their total PSA values
were 12.15-28.53 ng/mL.

Methods

Open or laparoscopic retropubic RP and pelvic lymph
node dissection were performed with neoadjuvant ADT
for 3 months. ADT consisted of a luteinizing hormone-
releasing hormone analog with daily dose of 50 mg
bicalutamide. Total PSA was measured every month after
RP and then every 3 months from the second year. PSA
relapse was defined as a linear increase in PSA of more
than 0.1 ng/mL. Before the PSA level rose to > 0.5 ng/
ml, all PSA relapse patients were treated with salvage
EBRT and ADT for 6 months. EBRT was performed with
total doses of 66-78 Gy. The clinical target volume was
defined as the surgical bed of the entire prostate. After
EBRT, total PSA was monitored similarly as during
postoperative monitoring.
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Statistical analyses

The SPSS statistical computer program (IBM SPSS
V26.0; USA) was used to calculate PSA relapse and overall
survival rate. The Cox proportional hazard model and
multivariate analysis were used to evaluate the difference
among clinical factors and outcomes. P values of < 0.05
were considered significant. The follow-up time was
calculated from the start date of treatment initiation up
to the end of 2019.

Results

The 5-year postoperative PSA relapse rate in all patients
was 40.96% (136/332). All 332 patients had been assigned
into either the PSA relapse group or PSA relapse-free
group in order to compare patient characteristics.

Some patient characteristics, such as the age,
preoperative PSA value, and ratio of stage Tz, and Ts,
were similar between the two groups (Table 1). The ratio
of patients with a Gleason score > 8 was significantly
higher in the PSA relapse group (42.0%) than in the PSA
relapse-free group (32.7%; P = 0.01). However, there
were no significant difference in the ratios of patients
with Gleason scores < 6 and 7 between these two groups.

According to the histological examination of operative
specimens, cancerous tissues were found at the edge
of the cutting surfaces in 7 patients of the PSA relapse
group, whereas no patients in the PSA relapse-free
group exhibited positive surgical margins (P = 0.001). No
metastases were detected in regional lymph nodes. The

Table 1  Patient characteristics and outcomes [n (%))
Characteristic P?r/;\ie:%%?e PSA( ;ela$ ;gifree
Age (year) 72.4 (61-79) 74 (61-80)
PSA (ng/mL) 24.6 (12.8-28.53) 21.13 (12.15-27.2)
Stage
Tz 113 (83.0%) 167 (85.2%)
T 23 (17.0%) 29 (14.8%)
Gleason score
<6 56 (41.1%) 89 (45.4%)
=7 23 (16.9%) 43 (21.9%)
28 47 (42.0%) 64 (32.7%)
Positive surgical margin 7 0
Positive lymph node 0 0
Postoperative PSA relapse 136 (40.9%) 0
Duration* (month) 31(9-37) -
Salvage treatment 136 -
PSA relapse after salvage treatment 0 -
Death
Prostate Ca 0 0
Other 7 (5.1%) 12 (6.1%)

Note: Statistical significance of PSA relapse vs no relapse-positive
surgical margin: P = 0.001; Gleason score = 8: P=0.01; * Start of relapse
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extension of tumors through the prostate capsule was
considered low in most of the patients, thus no adjuvant
treatments were immediately scheduled.

The mean duration between the start of operative
treatment and PSA relapse was 31 months. After relapse,
good treatment compliance was observed and the salvage
treatment in all 136 patients led to favorable outcomes.
After the salvage treatment, no PSA relapse was observed
until the end of follow-up.

The 5-year overall survival rates of the PSA relapse
and PSA relapse-free groups were 94.9% and 93.9%,
respectively. Deaths that occurred during the follow-up
were not directly from prostate cancer. No detectable
adverse effects were observed in the patients who
underwent salvage treatment.

Discussion

Irrespective of the pT stage, between 27% and 53%
of all PCa patients undergoing RP or RT increasingly
develop PSA relapse. Moreover, between 5% and 20%
continue to have detectable or persistent PSA after RP .,
PSA relapse has been reported to occur in 60% of patients
with stage Ts PCa, 5 years after the start of treatment,
which suggests a mortality rate of 70%—-80% thereafter.
ISUP score > 2 or patients classified as pTs pNy after RP
due to positive margins, capsule rupture, and/or invasion
of the seminal vesicles are at high risk of relapse; this risk
can be as high as 50% after five years!'.. In another study,
patients with stage T5 PCa have been surgically examined
to confirm negative regional lymph glands, then treated
with RT; 64% of these patients experienced PSA relapse
(11, These findings indicate that RP or RT alone did not
completely suppress subsequent disease progression.
Therefore, numerous multimodality strategies are already
being discussed to improve the survival of stage Ts PCa
patients.

RP with neoadjuvant ADT have been performed
for several months in some studies >3, resulting in a
decrease in the stage and a reduction of marginal invasion
observed in the prostate specimen. Moreover, histological
changes resulting from ADT have already been confirmed
14 However, these improvements did not continue
according to longer-term observations > Some stage
T3 PCa patients exhibit postoperative PSA relapse, with
the histological findings on the cancer tissues exhibiting a
high Gleason pattern!!®. In our study, a similar pattern was
also observed. The ratio of patients with Gleason score > 8
in the PSA relapse group was significantly higher (42.0%)
than in the PSA relapse-free group (32.7%; P=0.01).

PSA relapse after RP may result from persistent local
disease, pre-existing metastases, or residual benign
prostate tissue. On the other hand, persistent PSA after
RP is associated with more advanced disease (such as
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positive surgical margins, pathologic stage > Ts,, positive
nodal status, and/or pathologic ISUP grade > 3). However,
not all patients with persistent PSA after RP experience
disease recurrence. Xiang et al showed a 50% 5-year
biochemical relapse-free survival for patients who had
persistent PSA level > 0.1 ng/mL, but < 0.2 ng/mL at 6-8
weeks after RP "%,

The timing and treatment modality for PSA-only
relapse after RP remain controversial because of limited
evidence. Active surveillance is the first choice for
patients when their PSA levels are > 0.1 ng/mL but < 0.2
ng/mL. Salvage RT (SRT) is usually decided on the basis
of biochemical relapse without histological proof of local
recurrence, but only when the PSA level is < 0.5 ng/mL.
Nevertheless, more than 60% of patients who have been
treated before the PSA level rises to > 0.5 ng/mL achieved
an undetectable PSA level ?*2, corresponding to an 80%
chance of being progression-free five years later 4.

Early SRT provides the possibility of cure for patients
with an increasing PSA after RP. Boorjian et al'® reported
a 75% reduced risk of systemic progression with SRT,
when comparing 856 SRT patients with 1801 non-SRT
patients. Wiegel et al?* showed that following SRT to the
prostate bed, patients with a detectable PSA after RP had
significantly worse oncological outcomes when compared
with those who achieved an undetectable PSA. Their 10-
year metastasis-free survival was 67% vs. 83%, and their
overall survival was 68% vs. 84%, respectively. Recent
data from Preisser er al®” also compared oncological
outcomes in patients with persistent PSA who received
SRT versus those who did not. In the subgroup of patients
with persistent PSA, after 1:1 propensity score matching
between patients with SRT vs. no RT, the 10-year overall
survival rates after RP were 86.6% vs. 72.6% in the
entire cohort (P < 0.01), 86.3% vs. 60.0% in patients with
positive surgical margin (P = 0.02), 77.8% vs. 49.0% in
pTsp disease (P < 0.001), 79.3% vs. 55.8% in ISUP grade 1
disease (P < 0.01), and 87.4% vs. 50.5% in pN; disease (P
< 0.01), for SRT and no RT, respectively. Moreover, the
10-year CSS rates after RP were 93.7% vs. 81.6% in the
entire cohort (P < 0.01), 90.8% vs. 69.7% in patients with
positive surgical margin (P = 0.04), 82.7% vs. 55.3% in
pTsp disease (P < 0.01), 85.4% vs. 69.7% in ISUP grade 1
disease (P < 0.01), and 96.2% vs. 55.8% in pN; disease (P
< 0.01), for SRT and no RT, respectively. In multivariable
models, after 1:1 propensity score matching, SRT was
associated with a lower risk of death (HR: 0.42, P=0.02)
and lower cancer-specific death (HR: 0.29, P = 0.03).
These survival outcomes for patients with persistent
PSA who underwent SRT suggest that they benefit
from the treatment; however, outcomes are still worse
for patients experiencing biochemical relapse. Choo et
al report that the addition of 2-year ADT to immediate
RT in the prostate bed of patients with pathologic T3



Oncol Transl Med, December 2020, Vol. 6, No. 6

disease and/or positive surgical margins after RP may
improve progression-free survival . The GETUG-22
trial comparing RT with RT plus short-term ADT for
post-RP PSA persistence (0.2-2.0 ng/mL) also reported
good tolerability of the combined treatment; however,
their oncological end-points are yet to be published ®. In
our present study, we reported that SRT and 6 months of
ADT was associated with favorable results. Our findings
suggest that patients with PSA relapse after RP may
benefit from early aggressive multi-modality treatment
such as SRT combined with short-term ADT.

Conclusion

In the pursuit of curative treatment for stage cTsNoM,
healthy PCa patients, our findings show that RP
combined with neoadjuvant ADT is one of the aggressive
multimodality strategies associated with lower PSA
relapse and better survival outcomes. Patients with PSA
relapse after RP may benefit from early aggressive SRT
combined with short-term ADT.
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Objective  This cross-sectional study aimed at investigating the intervention status and the influence of
oncologists on oxaliplatin-induced hypersensitivity reactions (OIHR).

Methods Snowball sampling was used to send questionnaires to oncologists in various provinces and
cities in China, via the internet, to collect data on their socio-demographic characteristics, the occurrence
of OIHR, and the current status of interventions. One-way ANOVA and T-test of geographic samples were
used to explore the relationship between the incidence of OIHR and intervention measures.

Results Atotal of 401 valid questionnaires were collected, most respondents were 3040 years old, and
most oncologists had 5 years of working experience. The proportions of glucocorticoid and H1 receptor
antagonist use for OIHR prevention were 67.83% and 38.65%, respectively. The proportion of oncologists
with longer working years and higher professional titles who used glucocorticoids for OIHR prevention was
higher, and the observed OIHR incidence was lower. Pretreatment with glucocorticoids may be an effective
preventive measure and can reduce the incidence of the OXA allergic reactions (P < 0.05).

Conclusion The risk awareness of junior oncologists to OIHR prevention should be strengthened, and
clinical efficacy evaluation of glucocorticoids in OIHR prevention should be further promoted.

Key words:  oxaliplatin; hypersensitivity reactions; intervention; cross-sectional survey

Oxaliplatin (OXA), the third-generation platinum-
containing chemotherapeutic agent, is wildly used for
the treatment of colorectal cancers . Its primary side
effect is sensory neurotoxicity, and hematological and
gastrointestinal toxicities. The high frequency of OXA
use in gastrointestinal cancer patients has resulted
in an increase in the reports of oxaliplatin-induced
hypersensitivity reactions (OIHR), with the incidence
increasing from < 1% to 23.8% [*?. Hypersensitivity
reactions during oxaliplatin infusion can result in
treatment discontinuation, which prolongs hospital stay

and may be life threatening .

However, there are no optimal measuresand suggestions
for the prevention of such reactions. Furthermore,
the exact mechanism of the pathophysiology of OIHR
remains unclear. Glucocorticoids and H1 receptor
antagonists have been the main drugs used to prevent
this allergic reactions P; however, their effect remains
unelucidated. Therefore, the present study aimed at
investigating the current status of drug intervention
for OIHR by oncologists, using questionnaires, and at
providing references for clinicians.
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of Hubei Province (No. WJ2019M117).
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Materials and methods

Subjects

According to the principle that the selected subjects
should be representative, this study distributed
questionnaires to doctors engaged in tumor treatment
in all provinces and cities of China through the Internet
using snowball sampling, from September 1, 2019 to
November 30. This study was approved by the Medical
Ethics Committee of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology.

Methods

Data Measures

Self-designed questionnaires were designed by two
experienced oncology pharmacists via literature review
and clinical interviews on OIHR interventions. The
questionnaire was comprised of three major sections.
The first section provided to the participants the study
purpose and method for filling the survey. The second
section comprised of five items about the subject
demographic characteristics, including age, gender, level
of education, title, and working years. The third part
enquired about specific usage of glucocorticoids and H1
receptor antagonists, and the incidence of OIHR observed
by subjects. The incidence of OIHR was assigned 1, 2, 3,
4, and 5 points for “< 1%”, “1%-3%”, “3%-5%”, “5%—
10%”, and “> 10%?, respectively, and the mean value was
calculated. The statistical results were expressed as (x +
SD) values, and a higher value meant a higher incidence.

Statistical analysis

Epi Data version 3.1 (USA) was used for data entry, and
the data collected were analyzed using IBM Statistical
Package for Social Sciences version 19.0 (SPSS Inc.,
Chicago, IL, USA). Both descriptive and inferential
statistics were applied for data analyses. We describe the
demographic characteristics of oncologists, premedication
for OIHR, and the average score for OIHR incidence.
Besides, the Chi-square test, One-way ANOVA, and
T-test were used to analyze the association between
OIHR preventive drug use and OIHR occurrence. All
tests were two-sided, and a Pvalue < 0.05 was considered
statistically significant.

Results

Study subject characteristics and prophylactic
medication status

A total of 416 questionnaires were issued and 401
valid questionnaires were collected from 31 provinces or
administrative regions of China, except Qinghai, Ningxia,
and Taiwan, with a response rate of 96.39%. Women
accounted for a large proportion (61.10%) of the 401
oncologists.

http://otm.tjh.com.cn

Approximately 32.92% of the subjects were under 30
years old, 176 (43.89%) were 3040 years old, and 93
(23.19%) were over 40 years old. Among them, 52.12%
of the oncologists had been engaged in tumor work for
less than 5 years, 19.20% had been engaged for 5-10
years, and 28.68% had been engaged for more than 10
years. A total of 217 persons had bachelor’s degrees or
less (54.11%), 159 had master degrees (39.65%), and
25 had doctorates (6.24%); 106 (26.43%) oncologists
were juniors, 217 (54.11%) were intermediates, and 78
(19.46%) were seniors (Table 1).

Among the respondents, 272 oncologists (67.83%) used
glucocorticoids for OIHR prevention, 155 (38.65%) used
H1 receptor antagonists for intervention, 29.92% used
both glucocorticoids and H1 receptor antagonists, and
23.44% administered no preventive therapy. Oncologists
with more than 10 years (P=0.015) experience and at least
senior titles (P = 0.040), tended to use glucocorticoids as
intervention for OIHR, whereas those with junior titles
tented to use H1 receptor antagonists (Table 1).

Subject demographic characteristics
and OIHR incidence

There were no statistically significant differences
between the gender, age, and educational level of
the participating oncologists and the observed OIHR
incidence (P = 0.225, 0.765, and 0.784, respectively).
However, the working years and professional title of the
medical staff significantly affected the observed incidence
(P=0.009, 0.041, respectively) (Table 2).

Interventions and OIHR incidence

The average score of the above mentioned conditions
and the OIHR incidence were statistically analyzed among
oncologists who used glucocorticoids and H1 receptor
antagonists alone for OIHR prevention, as well as the
combination or no drug intervention. The results showed
that the P values of the combination of both drugs, or
glucocorticoids and H1 receptor antagonists alone, were
0.043, 0.044, and 0.096, respectively, compared with no
preventive drug use (Table 3). The results demonstrated
that premedication with glucocorticoids before
chemotherapy, either alone or in combination with H1
receptor antagonists, could reduce the incidence of OXA
allergic reaction to a certain extent.

Discussion

OXA, a third-generation platinum drug, is extensively
used for the treatment of gastrointestinal cancers and
other tumors, due to its low toxicity and broad anti-tumor
spectrum 7. Nevertheless, OTHR canlead to chemotherapy
discontinuation and a poor quality of life, thus posing
a potential threat to cancer patients . Symptoms of
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Table 1 Study subject characteristics and OIHR prophylactic medication status
o The usage of glucocorticoids The usage of H1 receptor antagonists
Characteristics (n) n (%) 2 P n (%) ¥ P
Gender
Male (156) 100 (64.10) 0.024 0.877 55 (35.26) 0.656 0418
Female (245) 172 (70.20) 100 (40.82)
Age (years)
<30(132) 90 (68.18) 2.652 0.266 48 (36.36) 1.056 0.590
30-40 (176) 125 (71.02) 73 (41.48)
> 40 (93) 57 (61.29) 34 (36.56)
Working years
<5(209) 130 (62.20) 8.373 0.015* 82 (39.23) 0.741 0.690
5-10 (77) 54 (70.13) 32 (41.56)
2> 10 (115) 88 (76.52) 41 (35.65)
Educational level
Bachelor and below (217) 140 (64.52) 3.285 0.194 96 (44.24) 0.726 0.696
Masters (159) 112 (70.44) 54 (33.96)
Doctor (25) 20 (80) 5(20)
Title
Junior and below (106) 63 (59.43) 6.437 0.040* 41 (38.68) 0.726 0.696
Intermediate (217) 151 (69.59) 87 (40.09)
Senior (78) 58 (74.36) 27 (34.62)
*P<0.05
OIHR range from cutaneous reactions such as flushing, acute hemolysis, and thrombocytopenia ..
pruritus, and urticarial, to life-threatening respiratory Currently, the mechanism of OIHR remains

and cardiovascular conditions such as anaphylactic shock,

Table 2 Subject basic information and average OIHR score

Demographic characteristics Average score of OXA

") allergic reaction rate Fit P
(xxSD)

Gender
Male (156) 241+0.90 0.858 0.225
Female (245) 2.33+091

Age (years)
< 30(132) 240+0.84 0.260 0.765
30-40 (176) 2.36 £0.91
2> 40(93) 2.31+£0.99

Working years
< 5(209) 249+0.84 4,788 0.009
5-10 (77) 217+0.90
2> 10 (115) 2.25+0.99

Educational level
Bachelor and below (217) 2.38+£0.93 0.243 0.784
Masters (159) 2.32+0.88
Doctor (25) 244 +£0.82

Title
Junior and below (106 ) 245+ 0.77 4277 0.041*
Intermediate (217 ) 2.21+0.98
Senior (78 ) 2.14 £0.96

*P<0.05

unelucidated. However, the mechanism underlying
hypersensitivity to OXA is reportedly associated with
immunoglobulin E (IgE)-mediated hypersensitivity 11,
Domestic and foreign literature have reported that
OIHR often occurs after multi-cycle chemotherapy >3,
and that a few patients develop allergic reactions at
first OXA infusion. This suggests that OIHR can occur
at any chemotherapy cycle. At present, there are no
effective measures for preventing and treating OIHR.
Premedication, prolonged OXA infusion time, and
desensitization therapy may reduce the occurrence of
these reactions "“"l. Most physicians use glucocorticoids
and histamine receptor antagonists for OIHR prevention
(1617 Glucocorticoid is the most important stress-
regulating hormone in the body, and is also the most
widely clinically used and effective anti-inflammatory
and immunosuppressant agent. Dexamethasone is the
most common glucocorticoid used for hypersensitivity
intervention. H1 receptor antagonists mainly prevent
histamine production by acting on target cells through
reversible competition for histamine receptor sites on
cells, thus blocking H1 receptors to play an anti-allergy
role. Additionally, promethazine and diphenhydramine
are the most commonly used histamine receptor
antagonists.

However, the current situation of drug intervention
for OIHR prevention in China remains unknown. This
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Table 3 Interventive measures and OIHR incidence
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Average score of OXA allergic

Interventive measures n (%) reaction rate (x + SD ) Fit P pe
Combination of glucocorticoid and H1 receptor antagonist 120 (29.92) 2.26 £ 0.96 0.043*
Glucocorticoid alone 152 (37.90) 2.27+0.92 2 056 0.015 0.044*
H1 receptor antagonist alone 35(8.73) 250+0.71 ' ' 0.906
No drug intervention 94 (23.44) 2.52 £0.97

Compared with no drug intervention, * P < 0.05

cross-sectional study involved the distribution of a
survey to clinical oncologists on the current status of
OIHR interventions. The study also analyzed the factors
that may affect the incidence of these reactions, so as to
provide references for oncologists. The results showed
that 76.56% of oncologists had adopted interventions:
67.83% used glucocorticoids for OIHR prevention, while
38.65% used HI1 receptor antagonists. Moreover, a few
oncologists used both drugs. Additionally, oncologists
with longer working years and a higher professional title
better adapted to intervention with glucocorticoid, and
observed a lower incidence of OXA allergic reactions.
Therefore, it is necessary to strengthen risk awareness
training for less experienced oncologists with lower titles,
to enhance their knowledge on OIHR prevention.

Some oncologists used a combination of both drugs
for prevention. Thus, the difference between the effects
of glucocorticoids and H1 receptor antagonists alone
and that of the combination in OIHR prevention, were
analyzed. The analysis showed that glucocorticoids might
effectively reduce the incidence of allergic reactions. We
concluded that oncologists in China were not only inclined
to use glucocorticoids for OIHR prevention, but that the
observed incidence of the reactions was lower with their
use, indicating premedication with glucocorticoids might
be an effective way of preventing OIHR.

Although this study analyzed the intervention status
of OIHR and the potential effect, it had the following
limitations. First, although we collected 401 questionnaires
which can be reflective of the situation in the country
to some extent, some provinces were not covered, and
there were differences in the number of questionnaires
completed by each provinces, inevitably introducing bias.
Furthermore, the study investigated OIHR incidence via
the personal experiences of the respondents, rather than
the real clinical incidence of OIHR, introducing bias owed
tosubjectivity. Further, different strains of glucocorticoids
and H1 receptor antagonists are used for prevention, and
the doses and frequency used by each oncologist may be
different. Therefore, this paper failed to properly evaluate
the different treatment strategies applied by oncologists.
These establish the need for further analytical research
with a larger sample size.

In conclusion, this paper investigated the OIHR

interventions of oncologists in China, which can reflect
their knowledge and application of OIHR treatment
options to some extent. Furthermore, it provides
reference for physicians for the need to further enhance
their cognition of OIHR treatment and prevention, to
enhance safe clinical OXA use.
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