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A B S T R A C T

Purpose: The clinical significance of transforming growth factor β (TGF-β) and tumor cell necrosis rate (TCNR)
in the expression of osteosarcoma and its effects of chemotherapy resistance on osteosarcoma were explored.
Patients and methods: 94 cases of neoadjuvant chemotherapy osteosarcoma patients at the Third Affiliated
Hospital of Kunming Medical University between January 2014 and January 2019 were collected. Samples
tested for TGF-β were collected before chemotherapy, the tumor cell necrosis rate of pathological samples before
and after chemotherapy was determined. Others analyzed covariates included 12 prognostic factors that may be
associated with chemotherapy resistance in previous studies: age, BMI, initial diagnosis time (The time from
symptom onset to first medical attention), KPS score, initial tumor size, lymphocytes/leukocytes rate (LWR),
neutrophils/lymphocytes rate (NLR), albumin, aspartate transaminase (AST), low density lipoprotein (LDL),
blood urea nitrogen (BUN), alkaline phosphatase (ALP), the endpoints included progression-free survival (PFS)
and overall survival (OS), response evaluation criteria in solid tumours by RECIST guideline (version 1.1).
Result: 1. A total of 94 cases were examined for expression of TGF-β in pathological specimens, 45 cases were
TGF-β high expression (47.9%) and 49 cases were TGF-β low expression (52.1%); 2. The BMI, LDL, ALP, NLR in
TGF-β high expression group was significantly increased compared to TGF-β low expression group; the Initial
diagnosis time, KPS in TGF-β high expression group was significantly decreased compared to TGF-β low ex-
pression group, all P < 0.05; 3. Effect of chemotherapy was positively with positive cell rate (P < 0.01
r=0.337) and TGF-β total score (P < 0.0001 r=0.635), while effect of chemotherapy was no correlation with
degree of dyeing score (P > 0.05); there was significant difference in change from baseline after chemotherapy
between TGF-β high expression group and TGF-β low expression group (P= 0.045); 4. Median OS 61.4months
in the TGF-β high expression group, median OS 68.1months in the TGF-β low expression group, one-year
survival rate, there was statistically significant difference in two groups (P= 0.045); median PFS 44.8months in
the TGF-β high expression group, median PFS 56.2months in the TGF-β low expression group, There was no
statistically significant difference in two groups (P > 0.05); 5. A total of 92 cases were examined for TCNR after
chemotherapy, 62 were TCNR≤ 90% (67.4%), 30 were TCNR > 90% (32.6%); 6. the Initial diagnosis time,
KPS, in TCNR > 90% group was significantly increased compared to TCNR≤ 90% group; the initial tumor size,
BUN, ALP in TCNR > 90% group was significantly decreased compared to TCNR≤ 90% group, all P < 0.05; 7.
TCNR was negatively correlated with the change from baseline after chemotherapy (P < 0.001 r=−0.411);
there was no statistically significant difference between TCNR > 90% group and TCNR≤ 90% group in change
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from baseline after chemotherapy (P > 0.05); 8. Median OS 67.8months in the TCNR > 90% group, median
OS 61.7months in the TCNR≤ 90% group, there was statistically significant difference between two groups
(P= 0.040); median PFS 57.4months in the TCNR > 90% group, median PFS 40.5months in the TCNR≤ 90%
group, there was statistically significant difference between two groups (P= 0.036); 9. TGF-β total score was
negatively correlated with TCNR (P < 0.001 r=−0.571).
Conclusion: The results of this study suggested that the higher expression of TGF-β, the lower expression of
TCNR, which more likely to induce chemotherapy resistance among patients with osteosarcoma and lead to poor
prognosis.

1. Introduction

Osteosarcoma is the most common primary bone malignancy in
adolescents, the combination of surgery and multiagent chemotherapy
in recent years has indeed led to a dramatic increase in the survival
rate, nowadays overall survival (OS) rates of 70% for patients with
localized disease and 30% for those with metastatic disease in devel-
oped countries [1]. But some patients are not sensitive to chemotherapy
with poor prognosis, the cause of it is mainly due to tumor hetero-
geneity. The genesis of tumor heterogeneity is closely associated with
tumor stem cells, genetic instability, cell competition and stochastic
events [2]. One of the current focuses of attention is to explore the
factors influencing the drug resistance of osteosarcoma. In recent years,
some progress had been made in the study of the mechanism of tumor
drug resistance, but the internal connection of mechanism remains to
be further explored.

Recent study reported TGF-β might establish an intrinsic link be-
tween tumor resistance and metastasis [3], TGF-β could regulate in-
tercellular and intracellular signal networks through autocrine and
paracrine modes, affecting cell proliferation, differentiation and apop-
tosis in the body [4]. Transcription factor Smad3 is a key protein mo-
lecule downstream of TGF-β signaling, Smad3 plays a key role in reg-
ulating TGF-β to induce EMT and Smad3 transduces the signal from the
cytoplasm to the nucleus after binding TGF-β to its receptor [5], nuclear
localization of Smad3 would be a good indication of the activation of
the TGF-β pathway in tumor cells. Brabletz et al found TGF-β could
affect the sensitivity of chemotherapy, Blocking the TGF-β1 signaling
pathway can significantly increase the chemotherapy sensitivity of
drugs [6]. Lin et al. reported TGF-β1 can induce the expression of miR-
202. which can promotes chemotherapy resistance by targeting tumor
suppressor PDCD4 [7]. Brunen et al presented data demonstrating that
TGF-β plays a key role in chemotherapy resistance in colorectal cancer
[8]. However, the affects of TGF expression extent to chemotherapy
resistance, and which factors are associated with TGF expression, is not
yet know. Immunohistochemistry (IHC) was used in this study to ex-
plore the expression of TGF-β in primary osteosarcoma tissues before
chemotherapy to evaluate the relationship between the proposed bio-
marker and clinical parameters, such as overall survival, response to
chemotherapy, metastasis or proliferation of the primary tumor, in
order to assess the clinical value of TGF-β.

TCNR is believed to have the advantage of being able to be eval-
uated accurately, which is a gold standard to reflect the sensitivity of
osteosarcoma to chemotherapy, to predict tumor outcomes and to guide
postoperative chemotherapy [9]. TCNR >90% showed good response,
suggesting that preoperative chemotherapy regimen could be con-
tinued, TCNR≤90% showed poor response, suggesting that che-
motherapy drugs needs to be changed, measuring by TCNR, we can
value patients who are not sensitive to chemotherapy as early as pos-
sible and develop individualized treatment plans for their reactivity [9].
Therefore, this study intends to explore the clinical significance of ex-
pression of TGF-β and TCNR in osteosarcoma and its effect on the
chemotherapy resistance of osteosarcoma, so as to provide sufficient
theoretical basis for the development of individualized chemotherapy
regimen for osteosarcoma.

2. Material and methods

2.1. Study design and patients

94 cases of neoadjuvant chemotherapy osteosarcoma patients at the
Third Affiliated Hospital of Kunming Medical University between
January 2014 and January 2019 were collected, all patients underwent
surgery (Amputations or Tumor resection) after neoadjuvant che-
motherapy. All patients signed the informed consent. The inclusion
criteria were as follows: (1) There is a clear basis for pathological di-
agnosis; (2) Patients receiving neoadjuvant chemotherapy before sur-
gery; (3) No double carcinoma; (4) Case data, imaging data and pa-
thological specimens before and after neoadjuvant chemotherapy were
kept intact; (5) No serious bone-related disease other than osteo-
sarcoma may affect pathological specimens. This study was approved
by the Ethics Committee of the Third Affiliated Hospital of Kunming
Medical University. This trial was conducted in accordance with the
Declaration of Helsinki. We confirm that patient data confidentiality
was maintained. All osteosarcoma obey Ennecking surgical staging
[10].

2.2. General condition

The analyzed covariates included 12 prognostic factors that may be
associated with chemotherapy resistance in previous studies: age, BMI,
initial diagnosis time, KPS score, initial tumor size, LWR, NLR, albumin,
AST, LDL, BUN, ALP, the endpoints included PFS and OS.
Chemotherapy response evaluation criteria in solid tumours by RECIST
version 1.1: complete response (CR)-target lesion completely dis-
appeared, partial response (PR)-change from baseline decrease ≥30%,
progress disease (PD)-change from baseline increase ≥20%, stable
disease (SD) was between PD and PR. PD is considered to be che-
motherapy resistant.

2.3. Pathological covariates

2.3.1. TGF-β IHC methods
Samples tested for TGF-β were collected before chemotherapy. P

Paraffin sections were dewaxed, hydrated and rinsed with distilled
water, According to the requirements of first antibody TGF-β1 (Yunnan
HAOZE company, China) to tissue antigen repair; the slices were
dripped with endogenous peroxidase blocker, rinse with PBS then drop
the first antibody on the section, after incubate it at room temperature
rinse it with PBS; Primary Antibody Enhancer (JINYU company, China)
was added to the section and incubated at room temperature, then
washed with PBS; secondary antibody-HRP Polymer (Yunnan HAOZE
company, China) reagent was added, incubated at room temperature
and washed.

Interpretation standard: Each pathological section was randomly
selected from the tumor center and the invasion front area to read 5
non-repetitive fields of equal area: positive cell rate< 5% was con-
sidered negative then record 0; positive cell rate> 5% was considered
positive: 6–25% is 1 points, 25–50% is 2 points, 50–75% is 3
points,> 75 is 4 points. Degree of dyeing score standard: no color is 0
points, pale yellow is 1 points, yellow or brown is 2 points, tan is 3
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points. The product of positive cell rate and degree of dyeing score was
taken as the total score, calculate the median of all the total scores as
the cutoff value, greater than or equal to median is high expression,
lower than the median is a low expression. The above results were
observed and confirmed by at least two professional pathologists.

2.4. TCNR detection

Representative pathological sections of biopsy specimens before
chemotherapy were selected, five fields were randomly selected under
the microscope, tumor cells were counted [11], and their mean value
was M as the base. After the neoadjuvant chemotherapy, the surgically
resected specimens were cut from multiple sections after a compre-
hensive general examination, and at least 3 samples were selected from
different materials, the specimens were fixed with 10% formalin for
24 h and decalcified with 5% nitric acid for 24 h, the specimens were
rinsed by water and the paraffin tissue sections were stained by HE.
Five fields were randomly selected from each section to count the viable
tumor cells, the mean number of viable tumor cells in the endoscopic
field was set as N. TCNR= (1−N/M)×100%.

2.5. Follow-ups and endpoints

All patients underwent clinical follow-up examinations, the first
follow-up time slot was osteosarcoma confirmation, and telephone
follow-up was conducted every 3months thereafter until endpoint
events occurs or the end of follow-up. Endpoint events were defined as
recurrence, metastasis, or death during the follow-up period, The sur-
vival was assessed by the new Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1. Overall Survival (OS) was from the day of os-
teosarcoma confirmation to death or the last day of follow-up.
Progression-free Survival (PFS) was the time from the end of previously
treated to disease progression such as recurrence or metastasis.

2.6. Statistical analysis

The statistical analyses were conducted with SPSS (version 22.0),
the statistical figure was drawn by GraphPad Prism 8.0. Survival curves
were generated using the Kaplan–Meier method and compared using
the log-rank test. The log- rank test was also used for univariate ana-
lyses of prognostic factors. The variables with P-values of< 0.05 from
univariate analyses were further analyzed in the multivariate analyses
using the Cox proportional hazards regression model. The character-
istics of the patients in the two groups were compared using the Chi-
square test for categorical variables and the independent sample
Student’s t-test for continuous variables. Tests were two-sided, and
P < 0.05 was considered statistically significant.

3. Results

3.1. General data

Among 94 cases of osteosarcoma in the study, 61 were male (64.9%)
and 33 were female (35.1%);the majority of those aged from 10 to 20
(61.7%);73 patients with BMI < 24 (77.7%), and the rest with
BMI≥ 24 (22.3%); initial diagnosis time of 59 cases were > 30 days
(62.8%), and that of 35 cases were≤ 30 days (37.2%); KPS score of 82
cases were < 90 (66%), but 32 cases were≥ 90 (34%); the majority of
Initial tumor size between 5 and 10 cm (39.4%) (Table 1).

3.2. The expression of TGF-β in osteosarcoma

Because of the storage of pathological specimens, a total of 94 cases
were examined for expression of TGF-β in pathological specimens. The
pathological results were interpreted by positive cell rate and degree of
dyeing (Fig. 1). The positive cell rate scores of 94 patients were 0, 1, 2,

3 and 4 respectively including people of 3 (3.2%), 9 (9.6%), 17 (18%),
15 (16%) and 50 (53.2%). The scores of degree of dyeing were 0, 1, 2
and 3 respectively including people of 3 (3.2%), 10(10.6%), 63(67%)
and 18 (19.2%). The product of positive cell rate and degree of dyeing
score was taken as the total score, calculating the median of all total
scores as 8 as the cutoff value, ≥8 is high expression,< 8 is low ex-
pression.45 cases were high expression (47.9%) and 49 cases were low
expression (52.1%) (Table 2).

3.2.1. General data in TGF-β high expression group and TGF-β low
expression group

94 patients were divided into TGF-β high expression group and
TGF-β low expression group According to TGF- β expression, The 12
prognostic factors that may be associated with chemotherapy resistance
in previous studies (age, BMI, initial diagnosis time, KPS score, initial
tumor size, LWR, NLR, albumin, AST, LDL, BUN, ALP) in the two groups
were statistically analyzed. Results show the BMI in TGF-β high ex-
pression group was significantly increased compared to TGF-β low ex-
pression group (P=0.014), the Initial diagnosis time in TGF-β high
expression group was significantly decreased compared to TGF-β low
expression group (P=0.001), the KPS in TGF-β high expression group
was significantly decreased compared to TGF-β low expression group
(P= 0.033), the NLR in TGF-β high expression group was significantly
increased compared to TGF-β low expression group (P=0.029), the
LDL in TGF-β high expression group was significantly increased com-
pared to TGF-β low expression group (P= 0.039), the ALP in TGF-β
high expression group was significantly increased compared to TGF-β
low expression group (P=0.007). There was no statistically significant
difference in age, initial tumor size, LWR, albumin, ALT, BUN between
the two groups (P > 0.05, Fig. 2).

3.2.2. Correlation between TGF-β expression and effect of chemotherapy
After pathological diagnosis of osteosarcoma, 94 osteosarcoma were

treated with routine chemotherapy drugs for osteosarcoma (epirubicin/
birubicin, cisplatin/nedaplatin, methotrexate, ifosfamide, vincristine),
individual differences of patients, the efficacy evaluation was con-
ducted according to the response evaluation criteria in solid tumours by
RECIST 1.1. Effect of chemotherapy was positively with positive cell
rate (P < 0.01 r= 0.337) and TGF-β total score (P < 0.0001
r= 0.635) while effect of chemotherapy was no correlation with degree
of dyeing score (P > 0.05) (respectively Fig. 3A–C), the higher the

Table 1
Patient baseline characteristics.

Characteristics n (%)

Gender
Male 61(64.9)
Female 33(35.1)

Age, years
< 10 4(4.3)
10–20 58(61.7)
> 20 32(34)

BMI
< 24 73(77.7)
≥24 21(22.3)

Initial diagnosis time, day
< 30 59(62.8)
≥30 35(37.2)

KPS scores
< 90 62(66)
≥90 32(34)

Initial tumor size, cm
<5 36(38.3)
5–10 37(39.4)
> 10 21(22.3)
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TGF-β expression, the higher the change from baseline, which means
chemotherapy resistance. There was significant difference in change
from baseline after chemotherapy between TGF-β high expression
group and TGF-β low expression group (P=0.045) (Fig. 3D).

3.2.3. Relationship between TGF-β expression and survival prognosis in
osteosarcoma

Immunohistochemical TGF-lesion expression was detected in 94
patients and evaluated by pathologists, 45 cases were TGF-β high ex-
pression and 49 cases were TGF-β low expression, drawing a survival
curve for the two groups of OS, Median OS 61.4months in the TGF-β
high expression group, one-year survival rate, three-year survival rate
and five-year survival rate were 82.9%, 58.5% and 51.2% respectively.
Median OS 68.1 months in the TGF-β low expression group, one-year
survival rate, three-year survival rate and five-year survival rate were
90.2%, 74.1% and 60.5% respectively. There was statistically sig-
nificant difference in two groups (P= 0.045). Drawing a survival curve
for the two groups of PFS, Median PFS 44.8months in the TGF-β high
expression group, Median PFS 56.2 months in the TGF-β low expression
group, There was no statistically significant difference in two groups

(P > 0.05) (Fig. 4). Results show high expression of TGF-β means poor
prognosis.

3.2.4. Expression of TCNR in osteosarcoma after chemotherapy
Because of the storage of pathological specimens, a total of 92 cases

were examined for TCNR after chemotherapy. TCNR > 90% is usually
considered to be sensitive to chemotherapy. Result show 62 were
TCNR≤ 90% (67.4%), 30 were TCNR > 90% (32.6%) (Fig. 5).

3.3. General data in TCNR≤ 90% group and TCNR > 90% group

92 patients were divided into TCNR≤ 90% group and
TCNR > 90% group, the 12 prognostic factors that may be associated
with chemotherapy resistance in previous studies (age, BMI, initial di-
agnosis time, KPS score, initial tumor size, LWR, NLR, albumin, AST,
LDL, BUN, ALP) in the two groups were statistically analyzed. Results
show the initial diagnosis time in TCNR > 90% group was significantly
increased compared to TCNR≤ 90% group (P=0.014); the KPS in
TCNR > 90% group was significantly increased compared to
TCNR≤ 90% group (P=0.009); the initial tumor size in
TCNR > 90% group was significantly decreased compared to
TCNR≤ 90% group (P=0.007); the BUN in TCNR > 90% group was
significantly decreased compared to TCNR≤ 90% group (P=0.004);
the ALP in TCNR > 90% group was significantly decreased compared
to TCNR≤ 90% group (P=0.044). There was no statistically sig-
nificant difference in age, BMI, Lymphocytes/leukocytes, Neutrophils/
lymphocytes, albumin, ALT, LDL between the two groups (P > 0.05,
Fig. 6).

3.3.1. Correlation between TCNR and effect of chemotherapy
The efficacy evaluation was conducted according to the response

evaluation criteria in solid tumours by RECIST 1.1 after chemotherapy.
Change from baseline after chemotherapy was negatively with TCNR
(P < 0.001 r=−0.411) (Fig. 7A), the smaller the TCNR, the higher
the change from baseline, which means chemotherapy resistance, while
there was no statistically significant difference between two groups in
change from baseline after chemotherapy (P > 0.05) (Fig. 7B).

Fig. 1. Pathologic images of TGF-β degree of dyeing: pale yellow is 1 points (A), yellow or brown is 2 points (B), tan is 3 points (C). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2
TGF-β expression of positive cell rate score, degree of dyeing
score and TGF-β total score in osteosarcoma.

Characteristics All, n (%)

Positive cell rate score
0 3(3.2)
1 9(9.6)
2 17(18)
3 15(16)
4 50(53.2)

Degree of dyeing score
0 3(3.2)
1 10(10.6)
2 63(67)
3 18(19.2)

Groups
TGF-β low expression (< 8) 49(52.1)
TGF-β high expression (≥8) 45(47.9)
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3.4. Relationship between TCNR and survival prognosis in osteosarcoma

The tumor cell necrosis rate was detected in 92 cases, 30 cases were
TCNR > 90% and 62 cases were TCNR≤ 90%, drawing a survival
curve for the two groups of OS, Median OS 67.8months in the
TCNR > 90% group, one-year survival rate, three-year survival rate
and five-year survival rate were 89.3%, 74.1% and 62.1% respectively.
Median OS 61.7months in the TCNR≤ 90% group, one-year survival
rate, three-year survival rate and five-year survival rate were 80.1%,
60.6% and 54.1% respectively, there was statistically significant dif-
ference between two groups (P= 0.040). Drawing a survival curve for
the two groups of PFS, median PFS 57.4months in the TCNR > 90%
group, median PFS 40.5 months in the TCNR≤ 90% group, there was
statistically significant difference between two groups (P=0.036)
(Fig. 8). Results show TCNR≤ 90% means poor prognosis.

3.5. Correlation between TGF-β and TCNR

The results show TGF-β score was negatively correlated with TCNR
(P < 0.001, r=−0.571) (Fig. 9), which means that the higher the
TGF-β score, the lower the TCNR, and this study results suggest that
both high TGF-β score and low TCNR maybe mean osteosarcoma che-
motherapy drug resistance.

4. Discussion

At present, patients with Osteosarcoma were usually treated by
multi-drug neoadjuvant chemotherapy combined with surgery to re-
move the primary tumor and follow-up adjuvant chemotherapy. The
introduction of chemotherapy could significantly improve the average
5-year survival rate of patients with localized diseases [11]. Neoadju-
vant chemotherapy can not only prevent micrometastasis in early stage,
reducing the risk of distant metastasis, but also being helpful to obtain a
negative margin during surgical resection. Bielack reported that re-
sponse to chemotherapy is a important prognostic factors [11,12].
Conventional neoadjuvant chemotherapy regimen for osteosarcoma is
based on a combination of highly cytotoxic drugs such as cisplatin,
methotrexate, and doxorubicin [13]. However, acquired drug resistance
during the course of treatment reduces the survival rate of patients and
has become an important obstacle to survival. To date, many possible
mechanisms of resistance to antitumor drugs, especially cisplatin, have
been identified, including reduced uptake of cisplatin, increased DNA
repair, apoptosis and depolymerization of cisplatin. Although these
chemotherapeutic drugs are effective, they are not specific and are re-
sistant to cancer, so the disease Progression and death after che-
motherapy are often observed. The cause of develop drug resistance
leading to the failure of treatment is mainly due to tumor heterogeneity.
Tumor heterogeneity refers to the inconsistency of phenotypes caused
by the presence of cells with different genotypes in the same tumor,
which is the main reason for the obvious difference in efficacy and drug

Fig. 2. General data in TGF-β high expression group and TGF-β low expression group: BMI (B), NLR (G), LDL (J), ALP (K) in TGF-β high expression group was
significantly increased compared to TGF-β low expression group; Initial diagnosis time (C), KPS (D) in TGF-β high expression group was significantly decreased
compared to TGF-β low expression group. (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.)
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resistance in the process of tumor treatment [14]. In chemotherapy,
targeted therapy and other anti-tumor therapies, tumor heterogeneity
and tissue differentiation are still the biggest obstacles. Many im-
munohistochemical studies have attempted to be used as biomarkers for
predicting tumor heterogeneity and chemotherapy resistance in osteo-
sarcoma, and TGF-β immunohistochemical and TCNR are considered as
predictors of chemotherapy response [15]. Analyzing the expression of
markers in surviving tumor tissues after chemotherapy may be similar
to assessing the degree of response to chemotherapy and may reflect the
characteristics of drug-resistant patients.

The TGF-β superfamily is involved in virtually every aspect of cel-
lular activity, which also can enhance the invasion and metastasis of the
tumor by promoting epithelial-mesenchymal transition (EMT) [16].
Lamora et al found TGF-β levels are higher in serum samples from
patients with osteosarcoma compared with healthy volunteers [17].
Mohseny et al. found immunohistochemical analysis of phosphorylated
Smad2, the intracellular effectors of TGF-β, cases with lower expression

showed significantly worse disease free survival. This may imply that
drugs restoring impaired signalling pathways in osteosarcoma might
change the tumour’s aggressive clinical course [18]. The efficacy eva-
luation was conducted according to the response evaluation criteria in
solid tumours by RECIST 1.1. Effect of chemotherapy was positively
with positive cell rate (P < 0.01) and TGF-β total score (P < 0.0001),
There was significant difference in change from baseline after che-
motherapy between TGF-β high expression group and TGF-β low ex-
pression group (P < 0.05).

Current research is focused on how to find the risk factors for che-
motherapy resistance, there are many methods to evaluate the efficacy
of chemotherapy, including clinical symptoms and signs, imaging
techniques, laboratory tests and histopathology, the determination of
TCNR is considered to be a good method. Anninga et al reported that
effective preoperative chemotherapy could cause necrosis of most
tumor cells in primary and satellite foci, which was benefit to the tumor
excision and the recrudescence rate reduction [19], TCNR is a gold

Fig. 3. Correlation between effect of chemotherapy and TGF-β positive cell rate (A), degree of dyeing score (B), TGF-β total score (C); the differences of change from
baseline after chemotherapy between TGF-β high expression group and TGF-β low expression group (D) (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001).

Fig. 4. Relationship between TGF-β expression and survival prognosis in osteosarcoma: OS in TGF-β high expression group was significantly decreased compared to
TGF-β low expression group (P=0.045) (A). PFS was no statistically significant difference in two groups (P > 0.05) (B).
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standard to evaluate the sensitivity to chemotherapy, TCNR > 90% is
usually considered to be sensitive to chemotherapy. Goorin et al re-
ported that the preoperative chemotherapy given in this trial was quite
effective. Most patients had favorable chemotherapy effects in the
primary tumor; 63% of patients had less than 10% residual viable
tumor [20]. This study show OS was statistically significant difference
between TCNR > 90% group and TCNR≤ 90% group (P < 0.05).

Patients whom sensitive to chemotherapy had a longer overall survival.
As two important indexes to predict the drug resistance of osteo-
sarcoma, correlation between TGF-β and TCNR show TGF-β score was
negatively correlated with TCNR (P < 0.05).

During chemotherapy, some tumors mutate themselves to avoid
death, TGF-β and TCNR are most important indicators to reflect the
sensitivity to chemotherapy which plays an irreplaceable role in the

Fig. 5. Counting cells by Image J. A-E: Before chemotherapy; F-J: After chemotherapy. (A, F: H&E×100): the death of tumor cells increased significantly after
chemotherapy.

Fig. 6. General data in TCNR≤ 90% group and TCNR > 90% group: initial diagnosis time (C), KPS (D) in TCNR > 90% group was significantly increased
compared to TCNR≤ 90% group; initial tumor size (E), BUN (K), ALP (L) in TCNR > 90% group was significantly decreased compared to TCNR≤ 90% group.
(*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.)
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evaluation of chemotherapy resistance of osteosarcoma. Tactors effect
chemotherapy such as obesity has reached epidemic [21,22]. More than
2.1 billion people are currently overweight or obese, obesity has long
been linked to an increased risk of several chronic diseases, but it was
only in the last decade that link between obesity and the risk and
prognosis of multiple cancers emerged [23]. The underlying mechanism
of increased cancer risk in obese patients is associated with multiple
molecular and metabolic changes associated with adipose tissue ex-
pansion [24], changes in the general and local environment due to
obesity not only increase the likelihood of tumor development and
progression [25,26], but also have adverse reactions to chemotherapy
regimens, leading to resistance to chemotherapy [27,28]. This is con-
sistent with the finding that patients with high TGF-β expression in
osteosarcoma more obese than those with low TGF-β expression. In
addition, LDL and ALP levels were significantly higher in patients with
TGF-β high expression than in TGF-β low expression (P < 0.05), LDL is
a normal component of plasma that functions as a transporter of cho-
lesterol in the body, further studies have shown that LDL in some types
of cancer is absorbed by tumor cells at a higher rate than normal cells,
so the higher the LDL, the more nutrient supply to the tumor cells,
worse response to chemotherapy. ALP can accurately reflect the via-
bility of osteoblasts and significantly increased in osteosarcoma, ALP
has been proved to be an independent prognostic factor in osteo-
sarcoma [29], In addition, other studies have found that high levels of
ALP may be a risk factor for poor prognosis in patients with osteo-
sarcoma after chemotherapy [30], In this study, the level of ALP in TGF-
β high expression Group, which represents the drug resistance of os-
teosarcoma, was significantly increased and ALP level in TCNR > 90%

group was significantly lower than that in TCNR≤ 90% group
(P < 0.05). The results showed the higher expression of TGF-β, the
worse response to chemotherapy, and the easier resistance to che-
motherapy.

Immune response has been proved to play a key role in tumor
progression, conventional markers of clinical inflammation, such as C-
reactive protein and neutrophil, lymphocyte and platelet, expressed
individually or in ratios, may provide prognostic information for a

Fig. 7. Correlation between TCNR and effect of chemotherapy: Correlation analysis (A), difference between two groups in change from baseline after chemotherapy
(B). (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.)

Fig. 8. Relationship between TCNR and survival prognosis in osteosarcoma: OS in TCNR≤ 90% group was significantly decreased compared to TCNR > 90% group
(P= 0.040) (A). PFS was statistically significant difference in two groups (P=0.036) (B).

Fig. 9. TGF-β score was negatively correlated with TCNR (P < 0.001,
r=−0.571).
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variety of cancers, The relationship between NLR and the prognosis of
esophageal carcinoma has been clarified, Abe et al found that low LWR
was an independent risk factor for OS in a colorectal cancer study[31],
However, the study of these markers in osteosarcoma is relatively rare,
94 cases of osteosarcoma study showed NLR in patients with TGF-β
high expression was significantly higher than that in patients with TGF-
β low expression (P < 0.05). NLR has been reported to be associated
with clinicopathologic features and survival in a variety of cancers
[31,32], NLR had been reported as an independent risk factor for sur-
vival in patients with pancreatic cancer in numerous studies and meta-
analyses [33,34], this study confirmed that NLR was also closely related
to chemotherapy resistance of osteosarcoma. KPS score is an existing
tumor performance status standard score, generally used to predict
chemotherapy toxicity and survival in all adult cancer patients, the
higher KPS score, the better the health, the more likely patient to tol-
erate the side effects of treatment [35], patients with KPS≥ 90 are
generally considered to be resistant to chemotherapy, this study show
KPS scores with high TGF-β expression were lower than those with low
TGF-β expression, the KPS score of TCNR > 90% group was sig-
nificantly higher than that of TCNR≤ 90% group (P < 0.05). The re-
sult might be that TGF-β high expression of this part of patients with
high tumor cell activity, rapid growth and proliferation, resulting in
osteosarcoma patients cachexia state, therefore, the higher the KPS, the
lower the TGF-β expression and the better the chemotherapy response.
KPS might reflect the expression of risk prognostic factors in patients
with osteosarcoma, and thus predict the efficacy and prognosis of
chemotherapy.

The initial diagnosis time is the time from symptom onset to first
medical attention, it is generally accepted that the time of initial di-
agnosis time can be used as a criterion for evaluating the degree of
disease, patients with severe disease and rapid progress usually have a
short initial diagnosis time, while those with mild disease and slow
progress have a long initial diagnosis time. This study show the patients
with high TGF-β expression had shorter initial diagnosis time than
those with low TGF-β expression, The initial diagnosis time of TCNR
90% group was longer than that of TCNR≤ 90% group. Therefore, the
evaluation of the progress of patients admitted to the hospital that
might reflect the expression of drug-resistant tumor marker in osteo-
sarcoma to some extent, so as to predict the efficacy of chemotherapy in
osteosarcoma and provide sufficient theoretical basis for formulating
individualized diagnosis and treatment. Glomerular filtration, tubular
secretion, and renal drug metabolism are the processes by which many
drugs are cleaned by the kidney, it is clear that impairment of kidney
function affects all of these processes, thus affecting kidney clearance of
drugs and toxins, which is consistent with the findings of this study, this
study result showed BUN in TCNR > 90% group was significantly
decreased compared to TCNR≤ 90% group (P < 0.05). The increase
of Bun often indicates poor renal function, which leads to the dys-
function of drug metabolism in the kidney, as well as the failure of
chemotherapeutic drugs in the body to play the best effect, resulting in
chemotherapy resistance, chemotherapy is also a common cause of
kidney damage. After kidney damage caused by chemotherapy, the
chemotherapy drugs have to be reduced or stopped, and the tumor cells
can’t be well controlled because they can increase in value more
quickly, forming a vicious circle that ultimately killed the patient.
Therefore, the evaluation of Renal function in Osteosarcoma che-
motherapy effect plays an important role. Initial tumor size is one of the
determinants of American Joint Committee on cancer (AJCC) staging
and a prognostic factor for patients with osteosarcoma [34], researchers
showed the response of the larger lesions to chemotherapy was worse
than that of the smaller Lesions [36], which was consistent with the
results of this study [37], This study showed initial tumor size in
TCNR > 90% group was significantly smaller than that of
TCNR≤ 90% group (P < 0.05). Initial tumor-related variables, such as
tumor size, location, histological subtype, and biological character-
istics, were potential factors in identifying high-risk patients,

information about the Initial tumor size is readily available, which is
important for developing individualized protocols for patients with
large Initial tumor size before chemotherapy [38,39].

This study investigated the expression of TGF-β and TCNR in os-
teosarcoma and the effect of TGF-β and TCNR on chemotherapy re-
sistance of osteosarcoma, some high-incidence tumors had been well-
established in large-scale multicenter studies, but in rare tumors such as
Osteosarcoma, all available tissue should be fully utilized for analysis,
to obtain more information about the molecular changes of osteo-
sarcoma during chemotherapy, the aim was to obtain valuable in-
formation about the survival prognosis or chemotherapy response of
patients.

5. Conclusion

The higher the expression of TGF-β, the lower the rate of tumor
necrosis, and the more likely the patients with osteosarcoma are to
develop chemotherapy resistance and lead to poor prognosis, its ex-
pression is of great significance in osteosarcoma, both of which can be
served as the basis of individualized treatment for patients with os-
teosarcoma.
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