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Objective The study aimed to explore the clinical efficacy of P-Gemox regimen sandwich radiotherapy, 
P-Gemox regimen sequential radiotherapy, and radiotherapy alone in early-stage extranodal natural killer/
T-cell lymphoma (ENKTL).
Methods In total, 124 patients with early-stage ENKTL, from June 2009 to January 2016, were 
retrospectively analyzed to compare the clinical efficacy of the three regimens. 
Results A total of 46 patients were treated with P-Gemox regimen sandwich radiotherapy, with complete 
remission (CR) of 91.3%, objective response rate (ORR) of 97.8%, 2-year progression-free survival 
(PFS) of 76.1%, and 2-year overall survival (OS) of 80.4%. Then, 37 patients received P-Gemox regimen 
sequential radiotherapy, with CR of 86.5%, ORR of 94.6%, 2-year PFS of 75.7%, and 2-year OS of 81.1%. 
Finally, 41 patients received radiotherapy alone, with CR of 61.0%, ORR of 80.5%, 2-year PFS of 51.2%, 
and 2-year OS of 65.9%. When the two groups were compared, significant differences in CR, PFS, and 
OS were observed among the sandwich radiotherapy, sequential radiotherapy, and radiotherapy alone 
groups (P < 0.05), respectively. However, no significant difference in CR, ORR, PFS, and OS was observed 
between the sandwich radiotherapy and sequential radiotherapy groups (P > 0.05). Multivariate analysis 
revealed that Eastern Cooperative Oncology Group (ECOG), serum lactate dehydrogenase (LDH), platelet-
to-lymphocyte ratio (PLR), local tumor invasion, and treatment modalities were independent prognostic 
factors for PFS (P < 0.05). ECOG, LDH, PLR, local tumor invasion, underlying disease, and treatment 
modalities were independent prognostic factors for OS (P < 0.05).
Conclusion P-Gemox regimen combination radiotherapy for patients with early-stage ENKTL was better 
than the radiotherapy alone. 
Key words: pegaspargase; natural killer/T-cell lymphoma; prognosis

Abstract

Extranodal natural killer/T-cell lymphoma (ENKTL), 
nasal type, is a rare type of non-Hodgkin’s lymphoma 
(NHL) with highly heterogeneous nasal cavity and 
paranasal sinus and as the primary involvement sites 
(approximately 80%), less commonly in non-nasal areas 
(approximately 20%), characterized as “lethal midline 
granuloma” [1]. It is more prevalent in Asia than in 
Western countries because of the geographic distribution 
[2]. Majority of patients were diagnosed as IE/IIE, and 

radiotherapy alone played an important role in the initial 
treatment. For radiotherapy alone, previous reports 
showed that complete remission (CR) was 70%–100%, 
and 5-year overall survival (OS) fluctuated from 50% 
to 80% [3–5]. However, the local recurrence or distant 
metastasis was 23%–50% [4–7]. Previous studies have 
confirmed that ENKTL was resistant to anthracycline-
based regimens (CHOP or CHOP-like) because of high 
expression of P-glycoprotein (P-gp); CR was 25%–50% 
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and 5-year OS was < 66% [8–9]. Recently, some studies 
demonstrated that L-asparaginase-based regimens (such 
as LOP, GELOX, and DIVE-L-ASP) were highly effective, 
with CR of up to 90.9% and 5-year OS of 64%–89.2% [10–13]. 
The mechanism may mainly involve the hydrolysis of the 
amino acid asparagine by aspariginase, blocked protein 
synthesis, and eventual inhibition of the proliferation of 
tumor cells. However, the application of L-asparaginase 
was limited due to its high immunogenicity. Pegaspargase 
was a new type of L-asparaginase with long half-life 
and low immunogenicity. Recently, a series of studies 
has shown that P-Gemox regimen is highly effective, 
with CR of 80%, ORR of > 90%, and 2-year OS of up to 
100% [14–17]. However, due to the low incidence of this 
disease, previous researches were based on small sample 
retrospective studies. At present, no consensus has been 
reached on the treatment for patients with early-stage 
ENKTL.

The International Prognostic Index (IPI) and Korean 
Prognostic Index (KPI) were established on patients 
treated with anthracydine-based regimens, and its 
prognostic value remained controversial in patients 
with ENKTL because of imbalanced distribution [18–19]. 
Recently, Kim et al [20] established a new Prognostic 
Index of NK/T-cell lymphoma (PINK) model that has 
been proven to be effective in patients with ENKTL 
treated with asparaginase-based regimens. However, 
these prognostic models were mainly based on clinical 
characteristics, which could not comprehensively reflect 
the biology of ENKTL due to highly heterogeneous 
behaviors. Therefore, a simple prognostic marker is 
urgently needed. A previous study has shown the close 
association between inflammation and cancers [21]. 
Several studies had indicated that pretreatment platelet-
to-lymphocyte ratio (PLR) was associated with poor 
survival in many solid cancers, including ENKTL [22–24]. 
However, few studies have investigated the association 
between PLR and patients with ENKTL treated with 
asparaginase-based regimens. Therefore, this study aimed 
to compare the efficacy of P-Gemox regimen sandwich 
radiotherapy, P-Gemox regimen sequential radiotherapy, 
and radiotherapy alone in the treatment of ENKTL.

Materials and methods

Patients
A total of 124 patients with newly diagnosed early-

stage ENKTL were enrolled at Sichuan Province Cancer 
Hospital, China, from June 2009 to January 2016, 
according to the 2008 World Health Organization criteria 
[25] and clinical stage based on Ann Arbor staging [26]. 
These patients were included according to the following 
criteria: (a) pathologically and immunohistochemically 
confirmed diagnosis of ENKTL; (b) not under other 

antitumor treatment; (c) treated with P-Gemox regimen; 
(d) with stage III/IV, relapsed, refractory, infection, or 
second malignancies; and (e) with available follow-up 
data.

The following pretreatment information were 
collected: age, gender, physical examinations, B 
symptoms, serum lactate dehydrogenase (LDH), Ann 
Arbor stage, bone marrow examination, Eastern 
Cooperative Oncology Group (ECOG), and underlying 
diseases (e.g., hypertension, diabetes, hyperlipidemia). 
Computed tomography (CT) and/or magnetic resonance 
imaging (MRI) of the head and neck, chest, abdomen, and 
pelvis were performed. According to Ann Arbor staging, 
lesions localized or extending to adjacent tissues with no 
lymph-node involvement were defined as stage IE. PLR 
was defined as pretreatment platelet absolute amount to 
lymphocyte absolute amount ratio, with the cut-off value 
of 185 according to a previous study [24]. Absolute platelet 
and lymphocyte counts were determined using Mindray 
BC5800.

Treatments
Chemotherapeutic drugs used were as follows: peg-

asparaginase 2500 IU/m2 intramuscular injection d1; 
gemcitabine 1000 mg/m2 intravenous drip d1 and 8; and 
oxaliplatin 130 mg/m2 intravenous drip d1. Radiotherapy 
for the involved field was delivered using 6-MeV linear 
accelerator, intensity-modulated radiotherapy (IMRT), 
giving with gross tumor volume (GTV) range of 50–60 
(median dose 56) Gy and 1.8–2.0 Gy once a day, 5 days 
per week. P-Gemox regimen sandwich radiotherapy 
was defined as 2–3 cycles of chemotherapy followed by 
radiotherapy. P-Gemox regimen sequential radiotherapy 
was defined as 2–3 cycles of chemotherapy followed by 
radiotherapy, then continued following the original two 
to three cycles of chemotherapy. The treatment response 
according to the response criteria of NHL [27], including 
the CR, PR, SD, and PD.

Follow-up
The overall survival (OS) was measured from the time 

of diagnosis to death due to any cause or the last follow-up 
visit. Progression-free survival (PFS) was defined as the 
time of diagnosis to the time of first disease progression, 
relapse, death from any cause, or the last follow-up visit. 

Statistical analysis
All data were analyzed using SPSS Statistics 17.0 

(SPSS Inc., Chicago, IL). The chi-square test was used 
to compare the difference between the groups. Survival 
analysis was performed using the Kaplan-Meier curve, 
and differences were compared using the Log-rank test. 
Multivariate analysis was investigated using the Cox 
proportional hazard model. A two-sided P value of < 0.05 
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was considered statistically significant.

Results

Patient characteristics 
The baseline characteristics of 124 patients [86 men, 

38 women, ratio 2.26:1, median age of 46 years (range 
15–86)] are shown in Table 1. A total of 25 patients 
(20.2%) were older than 60 years, and 73 patients (58.9%) 
exhibited stage IE. Serum LDH level was elevated in 40 
patients (32.3%). A total of 76 patients (61.3%) presented 
B symptoms. The majority of patients (75%) showed 
good ECOG PS score of 0–1, 62 (50%) presented local 
tumor invasion, and 69.4% were classified into the IPI 
score of 0–1. About 62.1% of patients were considered to 
have a KPI score of 0–1. Most of the patients (79%) were 
divided into the PINK score of 0, and 32 patients (25.8%) 
presented HB of < 120 g/L. The absolute lymphocyte 
count (ALC) of < 1 × 109 /L was found 33.1% of patients. 
A total of 25 (20.2%) had underlying diseases, 79 (63.7%) 
were assigned to the low group (PLR of < 185), and the 
remaining 45 (36.3%) into the high group (PLR ≥ 185). 

Treatment response
The treatment responses are shown in Table 2. In all 

patients, CR was 79.8%, PR was 11.3%, and ORR was 
91.1%. A total of 46 patients were treated with P-Gemox 
regimen sandwich radiotherapy, with CR of 91.3%, PR 
of 6.5%, and ORR of 97.8%. Then, 37 patients received 
P-Gemox regimen sequential radiotherapy, with CR of 
86.5%, PR of 8.1%, and ORR of 94.6%. Finally, 41 patients 
received radiotherapy alone, with CR of 61.0%, PR of 
19.5%, and ORR of 80.5%. No significant differences in 
the CR (P = 0.001) and ORR (P = 0.012) were observed 
among the three groups. Further two-group comparison 
analysis, significant differences in the CR (P = 0.001) and 
ORR (P = 0.022) were observed between the sandwich 
radiotherapy and radiotherapy alone. Meanwhile, 
significant difference in the CR (P = 0.011) was observed 
between the sequential radiotherapy and radiotherapy 
alone. On the contrary, no significant difference in the 
ORR (P = 0.128) was observed between the sequential 
radiotherapy and radiotherapy alone. In addition, no 
significant difference in the CR (P = 0.729) and ORR (P = 
0.847) was observed between the sandwich radiotherapy 
and sequential radiotherapy. 

Adverse reactions to chemotherapy
The main adverse reactions to chemotherapy are 

summarized in Table 3. Grade 1/2 were commonly 
observed, and Grade 3/4 occurred less frequently. 
Compared with the sequential radiotherapy, sandwich 
radiotherapy was more likely to cause Grade 1/2 elevated 

transaminase (P = 0.037), but no significant difference 
was found in other adverse reactions. No serious infection 
or hemorrhage occurred. No treatment-related death was 
noted.

Table 1  The baseline characteristics

Clinical characteristics No. of patients  
(n = 124)

Proportion
(%)

Age (year)
≤ 60 99 79.8
> 60 25 20.2

Gender
Male 86 69.4
Female 38 30.6

ECOG
0–1 93 75.0
≥ 2 31 25.0

B symptoms
No 48 38.7
Yes 76 61.3

LDH (U/L)
≤ 240 84 67.7
> 240 40 32.3

Ann Arbor stage
I E 73 58.9
II E 51 41.1

IPI score
0–1 86 69.4
≥ 2 38 30.6

KPI score
0–1 77 62.1
≥ 2 47 37.9

PINK score
0 98 79.0
≥ 1 26 21.0

Local tumor invasion
No 62 50.0
Yes 62 50.0

Pretreatment HB (g/L)
< 120 32 25.8
≥ 120 92 74.2

Pretreatment ALC (/L)
< 1 × 109 41 33.1
≥ 1 × 109 83 66.9

Pretreatment PLR
< 185 79 63.7
≥ 185 45 36.3

Underlying disease
No 99 79.8
Yes 25 20.2

Treatment modalities
Radiotherapy alone 41 33.1
P-Gemox sequential radiotherapy 37 29.8
P-Gemox sandwich radiotherapy 46 37.1
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Prognostic factor analysis 
The results of prognostic factor analysis for PFS are 

displayed in Table 4. Univariate analysis showed the 
following results: ECOG score (≥ 2), B symptoms, LDH of 
≥ 240 U/L, IPI score (≥ 2), KPI score (≥ 2), ALC of < 1 × 109 

/L, PLR of ≥ 185, GTV of ≤ 55 Gy, local tumor invasion, 
and treatment modalities, which were significantly 
associated with poor PFS (all P < 0.05). Multivariate 
analysis showed that ECOG, LDH, PLR, local tumor 
invasion, and treatment modalities were independent 
prognostic factors for PFS. 

The results of prognostic factor analysis for OS are 
shown in Table 4. Univariate analysis showed that age (> 
60 years), ECOG score (≥ 2), B symptoms, LDH of ≥ 240 
U/L, IPI score (≥ 2), KPI score (≥ 2), PINK score (≥ 1), ALC 
of < 1 × 109 /L, PLR of ≥ 185, GTV of ≤ 55 Gy, local tumor 
invasion, underlying diseases, and treatment modalities 
were significantly correlated with poorer OS (all P < 
0.05). Multivariate analysis demonstrated that ECOG, 
LDH, PLR, local tumor invasion, underlying diseases, 
and treatment modalities were independent prognostic 
factors for OS.

Survival analysis 
Among the 124 patients, 49 died, whereas 75 patients 

survived as of March 2018. The overall median survival 
was 32 (range 3–103) months, 2-year PFS was 67.7% 
(Fig. 1a), and 2-year OS was 75.8% for all patients (Fig. 
1b).

The 2-year PFS in P-Gemox regimen sandwich 
radiotherapy, P-Gemox regimen sequential radiotherapy, 
and radiotherapy alone were 76.1%, 75.7%, and 51.2%, 
respectively, which were significantly different among 
the three groups (Fig. 2a). In the further two-group 
comparison analysis, no significant difference was 
observed between sandwich radiotherapy and sequential 
radiotherapy (Fig. 2b). Significant differences were 
observed between radiotherapy alone and sandwich 
radiotherapy, and sequential radiotherapy (Fig. 2c and 
2d).

In addition, the 2-year OS for P-Gemox regimen 
sandwich radiotherapy, P-Gemox regimen sequential 
radiotherapy, and radiotherapy alone were 80.4%, 81.1%, 
and 65.9%, respectively, with no significant differences 
(Fig. 3a). In the further two-group analysis, no significant 

Table 2  The treatment responses [n (%)]
Treatment response Radiotherapy alone P-Gemox sequential radiotherapy P-Gemox sandwich radiotherapy c2 P
CR 25 (61.0) 32 (86.5) 42 (91.3) 13.836 0.001
PR 8 (19.5) 3 (8.1) 3 (6.5) 4.186 0.123
ORR 33 (80.5) 35 (94.6) 45 (97.8) 8.845 0.012

Table 3  The chemotherapy adverse reactions [n (%)]
Chemotherapy side effects P-Gemox sequential radiotherapy P-Gemox sandwich radiotherapy c2 P
Leukopenia

I–II 19 (51.4) 18 (39.1) 1.240 0.266
III–IV 16 (43.2) 27 (58.7) 1.961 0.161

Anemia
I–II 20 (54.1) 28 (60.9) 0.391 0.532
III–IV 10 (27.0) 10 (21.7) 0.313 0.576

Thrombocytopenia
I–II 17 (45.9) 20 (43.5) 0.051 0.822
III–IV 11 (29.7) 16 (34.8) 0.239 0.625

Gastrointestinal reaction
I–II 12 (32.4) 18 (39.1) 0.399 0.528
III–IV 6 (16.2) 8 (17.4) 0.020 0.887

Elevated transaminases
I–II 14 (37.8) 28 (60.9) 4.352 0.037
III–IV 4 (10.8) 4 (8.7) 0 1

Hyperbilirubinemia
I–II 19 (51.4) 22 (47.8) 0.102 0.750
III–IV 1 (2.7) 0 (0) 0.012 0.913

Hypoproteinemia (g/L)
28 ≤ ALB < 35 20 (54.1) 23 (50.0) 0.135 0.713
ALB < 28 7 (18.9) 7 (15.2) 0.200 0.654
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difference was observed between sandwich radiotherapy 
and sequential radiotherapy (Fig. 3b), whereas significant 
differences were observed between radiotherapy alone 
and sandwich radiotherapy and sequential radiotherapy 
(Fig. 3c and 3d).

Prognostic values of combining PLR with IPI, 
KPI, and PINK 

In our study, 69.4% of cases were grouped into IPI 
score (0–1), which failed to distinguish between patients 
with different outcomes. When we combined PLR with 
IPI scores (0–1), which was found to distinguish survival 
difference of the low-risk group (Fig. 4a and 4b). Besides, 
62.1% of cases were divided into KPI score (0–1), which 
could not distinguish the survival difference. When we 
combined PLR with KPI score, which could identify the 

survival difference in the low-intermediate risk group 
(Fig. 4c and 4d). In addition, 79% of cases were assigned 
into PINK score (0), which was also unsatisfactory to 
significantly identify the survival difference. The PLR 
combined with the PINK score could distinguish survival 
difference in the low-risk group (Fig. 4e and 4f).

Discussion

ENKTL was a heterogeneous disease with highly 
invasive biological behavior, and the clinical efficacy 
and survival showed individual difference. Radiotherapy 
was the main treatment strategy for patients with 
early-stage ENKTL who achieved better treatment 
response, but local recurrence or distant metastasis was 
close to 50% [3–7]. Radiation dose was found to be one 

Table 4  The prognostic factor analysis for progression free survival and overall survival

Clinical characteristics
PFS OS

Univariate 
analysis (P)

Multivariate analysis Univariate 
analysis (P)

Multivariate analysis
HR 95% CI P HR 95% CI P

Age (year) ≤ 60 0.137 0.034 1355.099 0–2.067E80 0.937
> 60

Gender Male 0.716 0.508
Female

ECOG 0–1 < 0.001 6.023 2.165–16.757 0.001 < 0.001 4.279 1.600–11.442 0.004
≥ 2

B symptoms No 0.037 1.264 0.567–2.818 0.566 0.029 1.591 0.683–3.708 0.282
Yes

LDH (U/L) ≤ 240 < 0.001 2.703 1.342–5.443 0.005 < 0.001 2.509 1.159–5.432 0.020
> 240

Ann Arbor stage I 0.056 0.052
II

IPI score 0–1 0.001 0.377 0.137–1.039 0.059 < 0.001 0.788 0.261–2.373 0.671
≥ 2

KPI score 0–1 0.035 0.867 0.375–2.005 0.739 0.021 0.735 0.304–1.780 0.495
≥ 2

PINK score 0 0.192 0.049 0 0–6.044E73 0.931
≥ 1

Local tumor invasion No 0.033 2.292 1.080–4.862 0.031 0.022 2.308 1.031–5.164 0.042
Yes

Pretreatment HB (g/L) < 120 0.298 0.167
≥ 120

Pretreatment ALC (/L) < 1 × 109 0.034 0.792 0.390–1.610 0.519 0.030 0.981 0.482–1.998 0.985
≥ 1 × 109

Pretreatment PLR < 185 < 0.001 2.876 1.414–5.850 0.004 0.001 2.913 1.358–6.250 0.006
≥ 185

GTV (Gy) 50–55 0.020 0.982 0.522–1.850 0.956 0.013 0.712 0.368–1.378 0.314
56–60

Underlying disease No 0.073 0.028 2.752 1.339–5.654 0.006
Yes

Treatment modalities Radiotherapy alone 0.015 1.811 1.201–2.732 0.005 0.009 2.001 1.270–3.150 0.003
P-Gemox sequential radiotherapy
P-Gemox sandwich radiotherapy
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of the factors that affected the therapeutic effect. A 
multicenter retrospective study [28] proposed the dose-
effect relationship, suggesting that no less than 50 Gy 
dose can obtain higher local regional control and long-
term survival. Similarly, Yang et al conducted a study [29] 
that also reported satisfactory results, with CR of 78.4%, 
ORR of 91.2%, 3-year PFS and OS of 64.0% and 76.3%, 
respectively. In our study, all patients received intensity-
modulated radiation therapy with no less than 50 Gy and 
radiotherapy alone with CR of 61%, ORR of 80.5%, and 
2-year PFS and OS of 51.2%, 65.9%, respectively, which 
is consistent with previous studies [28–29]. Based on the 

further analysis on radiation doses, the high-dose group 
(56–60 Gy) was better than the low-dose group (50–55 
Gy). Significant differences in the CR, PFS, and OS were 
observed between the two groups, suggesting that the 
relative high dose could improve prognosis [6–7]. However, 
no statistically significant difference was observed for 
ORR. This may be because of radiotherapy’s key role 
in patients with early-stage ENKTL, and our study also 
showed the advantage of radiotherapy of no less than 50 
Gy. 

Previous studies confirmed that ENKTL was not 
sensitive to anthracycline-based regimens because of 

Fig. 1 The survival curve of the whole patients. (a) Progression free survival for whole patients; (b) Overall survival for whole patients

Fig. 2 The different treatment modalities for progression free survival. (a) The difference of P-Gemox sandwich radiotherapy, P-Gemox sequential 
radiotherapy, and radiotherapy alone; (b) The difference of P-Gemox sandwich radiotherapy and P-Gemox sequential radiotherapy; (c) The difference of 
P-Gemox sandwich radiotherapy and radiotherapy alone; (d) The difference of P-Gemox sequential radiotherapy and radiotherapy alone



191Oncol Transl Med, October 2018, Vol. 4, No. 5

Fig. 3 The different treatment modalities for overall survival. (a) The difference of P-Gemox sandwich radiotherapy, P-Gemox sequential radiotherapy, 
and radiotherapy alone; (b) The difference of P-Gemox sandwich radiotherapy and P-Gemox sequential radiotherapy; (c) The difference of P-Gemox 
sandwich radiotherapy and radiotherapy alone; (d) The difference of P-Gemox sequential radiotherapy and radiotherapy alone

Fig. 4 The relationships between PLR and IPI, KPI, PINK score. (a) Combing PLR and IPI score 0–1 for PFS; (b) Combing PLR and IPI score 0–1 for 
OS; (c) New model combing PLR and KPI score 0–1 for PFS; (d) New model combing PLR and KPI score 0–1 for OS; (e) Combing PLR and PINK score 
0 for PFS; (f) Combing PLR and PINK score 0 for OS
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P-glycoprotein expression [8–9]. Recently studies showed 
that L-asparaginase-based regimens improved clinical 
efficacy [10–13]. However, due to L-asparaginase with 
high immunogenicity, allergic reaction is increasing. 
Pegaspargase showed lower immunogenicity. Recently 
researches reported P-Gemox regimen in the treatment 
of patients with early-stage ENKTL showed satisfactory 
results, with CR of up to 80%, ORR of 90%, 2-year PFS 
of approximately 87%, 2-year OS of nearly 100% [14–17]. 
In this study, P-Gemox regimen sequential radiotherapy 
and P-Gemox regimen sandwich radiotherapy achieved 
significant results, with CR of 86.5%, 91.3%, ORR 
of 94.6%, 97.8%, 2-year PFS of 75.7%, 76.1%, 2-year 
OS of 81.1%, 80.4%, respectively. It suggested that 
P-Gemox regimen remarkably improved prognosis, 
which is similar to the findings of previous studies [14–17]. 
Further survival curve analysis showed that P-Gemox 
regimen sandwich radiotherapy was slightly superior 
than P-Gemox regimen sequential radiotherapy, but the 
difference was not significant. The reasons are as follows: 
(1) all the cases included were early-stage patients; (2) 
small retrospective study, and shorter follow-up time; 
and (3) highly heterogeneous disease. Based on the 
existing studies, whether the difference between the 
two groups could not be known, the next step should be 
to prolong the follow-up time and increase the sample 
size.

The IPI score was used to estimate the prognosis of NHL, 
but limited to ENKTL patients, because most patients were 
classified as low-risk group [18]. The KPI score showed 
good prospects than IPI score in the distribution, but KPI 
score cannot further distinguish between the differences 
in early stage patients [19]. Meanwhile, these prognostic 
models were mainly based on anthracycline regimen, 
which were limited in non-anthracycline regimen. 
Recently, PINK score [20] based on non-anthracycline 
chemotherapy showed good advantages. However, these 
models were all mainly based on the clinical features and 
not completely reflect the biological characteristics of 
ENKTL. Therefore, a simple comprehensive prognostic 
marker is needed.

Leukocytes, neutrophils, and monocytes in the 
peripheral blood could reflect the inflammation, and 
lymphocytes reflected the immunity. Both inflammatory 
and immune responses were important factors of tumor 
microenvironment. One study showed that inflammatory 
response was closely related to the development of 
tumors [21]. Lymphocyte was one of the important immune 
defense factors and immune surveillance and inhibit the 
proliferation of tumor cells. The decreasing lymphocyte 
levels can lead to immunosuppression, decreasing the 
ability of the host’s immune function. A study [30] reported 
that some immunosuppressive factors involved the 
inflammatory response process, such as interleukin-10 

(IL-10) and transforming growth factor-β (TGF-β), with 
the mechanism that may be mediated by cytotoxic T cells 
destroying lymphocyte. Therefore, the study showed that 
lymphocyte reduction was an independent prognostic 
factor for ENKTL [31].

Cancer patients are often accompanied with high 
coagulation state because of secondary thrombocytosis. 
Some studies [32–33] found the release of pro-inflammatory 
cytokines (IL-10, IL-6, etc.) in the microenvironment 
stimulated the production of megakaryocytes, causing 
the proliferation of platelets. Its mechanism may be that 
increasing platelets may inhibit the antitumor ability of 
natural killer cells, evading immune surveillance, leading 
to proliferation and migration of tumor cells. Based on 
the above results, thrombocytosis may be related to 
the prognosis of tumors. Therefore, PLR was a simply 
feasible prognostic marker, consisting of platelets and 
lymphocytes, and has been proven to of prognostic value 
in multiple solid tumors [22–23]. However, studies on the 
relationship between PLR and ENKTL treated with 
P-Gemox regimen were limited. Wang et al [24] conducted 
a retrospective study on 252 patients with early-stage 
ENKTL with the following results: based on the ROC 
curve cut-off value for PLR of 185, significant difference 
was observed between the low (PLR of < 185) and high 
groups (PLR of >185) for the 5-year OS (72.3% vs 53.9%). 
Thus, PLR was considered as an independent prognostic 
factor. In the present study, significant differences were 
also observed between the two groups (2-PFS 74.7% vs 
55.6%; 2-OS 81.0% vs 66.7%). Therefore, this study [24] 

concluded that PLR was an independent prognostic 
factor.

Based on the IPI, KPI, and PINK scores [18–20], most 
patients were classified as low-risk group because of 
imbalanced distribution. Therefore, in order to further 
verify the prognostic value of PLR, a new model was 
established. When PLR was combined with IPI score of 
0–1, KPI score of 0–1, and PINK score of 0, the survival 
differences were observed among the low-risk groups 
(Fig. 4). Therefore, PLR may be more accurate to balance 
the distribution than the IPI, KPI, and PINK. This may 
be because peripheral blood indicators (white blood cell, 
neutrophil, lymphocyte, platelet, etc.) were important 
parts of the tumor microenvironment, and those anomaly 
inflammatory markers were already present prior to the 
occurrence of other clinical signs. Therefore, PLR was a 
new marker to predetermine the prognosis. The value 
of PLR was further verified by multicenter large-sample 
randomized controlled trials.

Anemia was often observed in malignant tumors. 
Previous studies reported that anemia was a prognostic 
indicator of follicular lymphoma [34]. The main mechanism 
was that anemia increased the number of hypoxic cells, 
leading to treatment resistance. However, another study 
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showed that anemia was not a prognostic factor for 
ENKT [35]. Meanwhile, anemia was not correlated with 
prognosis in our study, which was consistent with that of 
the previous study [35]. This may be because the patients 
included had early-stage disease, and the sample size 
was small. Moreover, most studies confirmed that age 
was an independent prognostic factor [24, 31, 35]. However, 
one study demonstrated the opposite conclusion [36]. Our 
study showed that age was related to OS, but was not 
independent prognostic factor. The reasons are as follows: 
(1) imbalance distribution, only 20.2% of patients aged 60 
years; (2) compared with anthracycline-based regimens, 
P-Gemox showed high efficacy, low toxicity, and was 
tolerable by elderly patients; and (3) existing medical 
technology help the elderly to tolerate chemotherapy and 
radiotherapy. Therefore, it optimized the chemotherapy 
regimen. However, with the improvement of accurate 
radiotherapy, decreasing age effect the prognosis. 
Whether age continued to be a prognostic factor for this 
disease remains to be further verified. In addition, LDH, 
clinical stage, and local tumor invasion may reflect the 
tumor load. Consistent with previous studies [24, 35, 37], our 
study found that LDH, ECOG, and local tumor invasion 
were independent prognostic factors. However, the 
stage was not an independent prognostic factor because 
of the following reasons: (1) not extensively performed 
sensitive technologies such as PET/CT caused low 
detection rate of the neck lymph node, which can lead 
to not entirely accurate stage and (2) early-stage patients 
were sensitive to radiotherapy with good prognosis. In 
addition, B symptoms were correlated with poor survival, 
but not as an independent factor, in this study [24]. This 
may be because of the short follow-up time and small 
sample of this retrospective study. A previous study 
have reported that the lymphocyte was an independent 
prognostic indicator [31]. Our study found that it was 
not an independent prognostic factor, because PLR was 
also included in the multivariate analysis, and better 
prognostic value than lymphocyte. 

Several studies have showed the relationship between 
underlying diseases and cancers. One study [38] has 
found that hyperlipidemia was a risk factor for NHL. 
Another study [39] confirmed that low level high-density 
lipoprotein was a poor prognostic factor for ENKTL. 
Because abnormal lipids can increase free radicals and 
damage DNA. Some reports [40–41] showed that diabetes 
was associated with tumor formation; the mechanism 
may involve the activation of insulin-like growth 
factor that causes abnormal growth hormone secretion 
and promotes the growth of tumor. In addition, some 
studies [42–43] found that hypertension also was one of the 
risk factors of the occurrence of tumor, which may be 
the condition of heavy load, damaged the vessel wall, 
released a series of inflammatory factors, and suppressed 

the immune system. In this study, underlying diseases 
(hyperlipidemia, diabetes, hypertension, etc.) were 
independent prognostic factors for OS. This may be 
because patients with underlying diseases were not 
satisfactory with treatment. The specific mechanism 
was worth further discussion. Therefore, individualized 
treatment is very important.

Another concerning issue was chemotherapeutic 
side effects. A study from Japan [44] reported that 100% 
of patients had Grade 3/4 neutropenia and 32% had 
abnormal liver function in the SMILE regimen. Another 
study from France [45] showed that 42% of patients 
had Grade 3/4 neutropenia and 16% had Grade 3/4 
abnormal liver function in the AspaMetDex regimen. 
Compared with the above regimens, P-Gemox regimen 
was relatively mild and safe, with 51.8% of patients 
having Grade 3/4 leukopenia, 24.1% having Grade 3/4 
anemia, 32.5% having Grade 3/4 thrombocytopenia, 
Grade 3/4 elevated transaminase only 9.6%, and Grade 
3/4 hyperbilirubinemia in only one patient (1.2%), with 
no coagulation disorder. Further analysis comparing the 
P-Gemox regimen sequential radiotherapy with P-Gemox 
regimen sandwich radiotherapy showed that the latter 
was more likely to cause Grade1/2 increased transaminases 
(P < 0.05), because of increasing chemotherapy cycles. 
Notably, hypoproteinemia occurred as a side effect 
because of (l) nausea and vomiting that resulted in 
insufficient intake and (2) radiation mucositis and pain 
affected intake. Therefore, nutritional support should be 
strengthened to improve patients’ general condition.

Conclusion
P-Gemox combination radiotherapy as the first-line 

treatment for ENKTL was found to be highly effective 
and was better than radiotherapy alone. The difference 
between P-Gemox regimen sandwich radiotherapy and 
P-Gemox regimen sequential radiotherapy should be 
assessed in large-sample randomized controlled trials in 
the future.
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Objective There are several reports that suggest a significant role played by microRNAs (miRNAs) in 
cell invasion, metastasis, differentiation, and apoptosis in lung cancers. miR-375 is one such miRNA that 
has been detected in a variety of tumors, but its specific activity in non-small cell lung cancer (NSCLC) 
remains unclear. 
Methods In this study, we regulated the expression of miR-375, to evaluate its influence on the 14-3-3ζ/
ERK/MYC pathway in NSCLC. 
Results The results of our experiments suggest that miR-375 and 14-3-3ζ are highly expressed in 
NSCLC, and the over-expression of miR-375 increases the invasive, metastatic, and proliferative ability and 
decreases the apoptotic ability of NSCLC cells. In addition, protein expression levels of 14-3-3ζ, p-ERK, 
and MYC increased following the overexpression of miR-375. 
Conclusion Overall, our findings indicate that miR-375 increases the malignant potential of NSCLC via 
the 14-3-3ζ/ERK/MYC pathway. 
Key words: NSCLC; miR-375; 14-3-3ζ; ERK; MYC

Abstract

Lung cancer remains the leading cause of cancer death 
and is the most frequently diagnosed cancer in men and 
women [1–2]. Moreover, the morbidity and mortality rates 
of lung cancer have steadily increased over the last few 
decades [1]. Lung cancer is broadly classified into small 
cell lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC). NSCLC accounts for 75%–80% of all lung 
cancers and is further divided into large cell carcinoma, 
adenocarcinoma and squamous cell carcinoma of which, 
adenocarcinoma is the most common type of lung cancer 
[3]. MicroRNAs (miRNAs) are a class of small endogenous 
noncoding RNA molecules, 19–22 nucleotides long, 
which act as negative regulators of target gene expression 
in the post-transcriptional phase to modulate a variety of 
cell processes [4–5]. miRNAs can regulate cellular processes 
such as proliferation, growth, apoptosis and differentiation 
[5–6]. miRNAs are believed to be oncogenes when they are 
highly expressed in cancers [7–8]. Among all miRNAs, miR-
375 specifically can affect cell proliferation, apoptosis and 

survival [9–10].
The 14-3-3 protein is widely expressed in eukaryotic 

cells. Proteins can mediate a variety of signaling pathways 
in diverse biological processes. They can also bind to 
either phosphoserine/phosphothreonine in specific 
sequences of target proteins to mediate their function 
[11–13]. The 14-3-3ζ subtype combines with other signal 
molecules to participate in signal transduction, apoptosis, 
cell cycle regulation, and malignant transformation [11–14]. 
The 14-3-3 protein has seven subtypes (α/β, γ, σ, ε, ζ, 
η, and θ/τ) of which the positive expression of the zeta 
subtype has been identified in non-small cell lung cancer 
[15–17]. Our study primarily explored the effect of miR-375 
on NSCLC, through the 14-3-3ζ/ERK/MYC pathway.



197Oncol Transl Med, Octorber 2018, Vol. 4, No. 5

Materials and methods

Cell and tissues
Two lung cancer cell lines (H520, A549) and a normal 

lung cell line (BEAS-2B) were obtained and cryopreserved 
in the laboratory. Lung cancer cells were cultured in 
RPMI-1640 medium and normal cells were cultured 
in LHC-9 medium, both of which were supplemented 
with 10% fetal bovine serum (ExCell Bio, Shangai). 
Trypsin-EDTA (Solarbio, Beijing) was used to digest the 
parietal cells. The sample was obtained from the Qingdao 
Municipal Hospital. The participants in this study signed 
a written consent and the study was approved by the 
Ethics Committee of the Qingdao University Affiliated 
Hospital.

Cell Transfection
The lentiviral cell line which overexpressed miR-375, 

(Lv-miR-375-A549) and the lentiviral cell line without 
the miRNA (Lv-NC-A549) were obtained from Jikai gene. 
A viral inoculum, at MOI=20, was transfected into the 
A549 cell line and cultured at 37oC, in 5% CO2, for eight 
hours. Viruses were then isolated and cultured further.

cDNA Synthesis and qRT-PCR
The ISO plus RNA Kit (Takarabio, Japan) was used to 

extract total RNA from the cells. Reverse transcription 
was performed to synthesize cDNA using the PrimeScript 
RT Reagent Kit with gDNA Eraser (Perfect Real Time) 
(Takarabio). SYBR Premix Ex Taq RR420A (Takarabio) 
was used for fluorescent quantitative PCR using the 
CFX96 Touch Real-Time PCR Detection System 
(BioRad, CA, USA). The primers used in the experiment 
were purchased from Shanghai Sangon Biotech. The 
endogenous target gene mRNA was based on beta-actin, 
and the miRNA, RNA U6, was used as the endogenous 
reference.

The primers designed were as follows:
Forward primer: 5 ‘-CTCGCTTCGGCAGCACA-3’;
Reverse primer: 5 ‘-AACGCTTCACGAATTTGCGT-3’
For miR - 375:
Forward primer: 5 ‘-CGCGCTTTGTTCGTTCGGCTC-3’;
Reverse primer: 5 ‘-ATCCAGTGCAGGGTCCGAGG-3’

Transwell assay
Invasion assay: The complete medium dilution matrix 

with a ratio of 1:9 (Corelle, Cambridge, MA, USA) on 
the indoor shop on the three-hole room, was placed in 
an incubator for 4 hours. Following solidification of the 
Matrigel, the three kinds of cells in the 50 000 / three 
holes were inoculated into the small room, the room on 
the train medium without the bovine serum, and the 
room under the medium with 15% fetal bovine serum. 
After 48 hours, the cells were extracted, and the number 

of cells that had migrated through were fixed with 
methanol, stained with crystal violet, photographed, and 
counted. The extracted cells were re-inoculated, and the 
above steps were repeated.

Mobility test: three cells were inoculated into three 
small rooms with 50 000 / orifice and were incubated for 
24 hours according to the above methods. Then the steps 
in the invasion experiment were carried out.

Wound healing assay
The same number of cells were inoculated in a 6-well 

plate. When the cells reached confluency, a scratch 
(wound) was made in the cell layer with a sterile pipette 
tip. Unadhered cells were washed off with phosphate 
buffered saline (PBS). The wound was photographed at 0 
and 48 hours and its size was measured.

Cell proliferation assay
Cell proliferation was evaluated using CCK-8 (Multi 

Sciences, China). Briefly, 5 × 103 cells/well were plated in 
96 well plates and 100 μL of culture medium was added 
to each well. After 24 h, the CCK-8 × stock solution was 
mixed with the culture medium at a ratio of 1:9. Then, 
100 μL of the above mixture was added to each well and 
after 4 h, absorbance was measured using a microplate 
reader (Bio-Rad, CA, USA).

Flow cytometry
Three types of cells, including A549, Lv-NC-A549, and 

Lv-mir-375-A549, were collected and flow cytometry was 
performed using the Annexin V-APC/7-AAD Kit (Multi 
Sciences) according to the manufacturer’s instructions.

Western blot analysis
The cells were washed twice with PBS, scraped off 

with a cell scraper, and centrifuged at 5000 xg at 4 °C, for 
5 min; the supernatant was discarded. RIPA buffer was 
then added to the cell pellet. Phosphatase and protease 
inhibitors were also added to the cell pellet. This was 
followed by incubation on ice for 15 min, vortexing and 
lysing on ice for 15 min and centrifugation at 12,000 xg 
for 10 min. The supernatant, sample buffer and SDS-
loading buffer were placed in a boiling water bath for 10 
minutes. The proteins were separated by SDS-PAGE and 
transferred onto a PVDF membrane (Millipore, USA). 
The membrane was blocked with 5% skimmed milk 
and was then incubated with primary antibodies (Anti 
14-3-3 antibody, 1:1000 dilution; Anti MYC antibody, 
1:1000 dilution; Anti ERK antibody, 1:1000 dilution) 
(Cell Signaling Technology, USA) overnight at 4 °C. After 
washing, secondary antibody (1:1000) (Abcam, USA) 
was added and the membrane was placed on a low speed 
shaker for 2 h. Chemiluminescent signals were detected 
using enhanced chemiluminescent substrate reagents 
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(ECL).

Statistical analysis
All experimental data were averaged at least three 

times. The Bonferroni correction test was used to 
compare the two groups. The difference between groups 
was analyzed by One-way ANOVA test and a P value of < 
0.05 was considered as statistically significant.

Results

MiR-375 and 14-3-3ζ are upregulated in NSCLC 
tissues and in the A549 cell line

The expression levels of miR-375 and 14-3-3ζ were 
detected using RT-PCR in 10 NSCLC tissue samples, 
normal lung tissues, and in the A549, H520, and BEAS-2B 
cell lines. The results showed that the expression levels of 
miR-375 and 14-3-3ζ in NSCLC tissues were higher than 
those in normal lung tissues and the expression levels of 
miR-375 and 14-3-3ζ were higher in A549 cells compared 
to those in H520 and BEAS-2B cells (P <0.05) (Fig. 1a and 
1b). These data suggest that miR-375 and 14-3-3ζ might 
be potential prognostic markers for NSCLC.

The level of miR-375 was upregulated in 

A549 cells
Considering the increase of miR-375 in A549 cells, we 

presumed that miR-375 might be an oncogene in NSCLC. 
Therefore, we decided to overexpress miR-375 in A549 
cells through lentiviral transfection. The transfection 
success rate exceeded 80% and therefore could be used 
for further experiments (Fig. 1c). We then investigated 
whether miR-375 was successfully upregulated using 
qRT-PCR. The results confirmed that exogenous miR-
375 was successfully upregulated in A549 cells (P < 0.05) 
(Fig. 1d). The expression of 14-3-3 ζ subtype was also 
increased along with the upregulation of miR-375 (P < 
0.05) (Fig. 1d).

MiR-375 promotes the migration and invasion 
of A549 cells

Previous experimental results have shown that miR-
375 is highly expressed in NSCLC tissues (Fig. 1a and 1b). 
However, the influence of miRNA-375 on the invasion 
and metastasis of NSCLC remains to be explored. We 
first established a cell line, stably expressing miR-375 
through lentiviral transfection. Next, we investigated the 
changes in cell invasion and metastasis following stable 
transfection of miR-375, using transwell and wound 
healing assays. The transwell assay showed an increase 
in the invasion and migration capability of cells stably 
expressing miR-375 compared to control cells (P <0.05) 

Fig. 1 Upregulated expression levels of miR-375 and 14-3-3ζ in tissues and cell lines and successful overexpression of miR-375. (a) Expression of 
miR-375 and 14-3-3ζ in normal tissues and NSCLC tissues; (b) The expression of miR-375 and 14-3-3ζ in normal and NSCLC cells; (c) Effect of lentiviral 
transfection on A549 cells; (d) Expression of miR-375 and 14-3-3ζ in A549, Lv-NC-A549, and Lv-miR-375-A549 cells. **P < 0.01
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(Fig. 2b and 2c). Similarly, the wound healing assay 
also showed increased migratory ability in cells stably 
expressing miR-375 (P < 0.05) (Fig. 2a). Collectively, 
these data indicate that miR-375 has a positive effect on 
the invasion and metastasis of human NSCLC.

MiR-375 promotes the proliferation of 
A549 cells

Next, we investigated whether miR-375 regulated the 
proliferation of A549 cells. CCK-8 reagent was added 24, 
48, and 72 h after the inoculation of A549 cells, and cell 
proliferation was evaluated after 4 h. The results showed 
that compared to the control and empty vector groups, 
the proliferative ability of A549 cells was significantly 
increased with the overexpression of miR-375 (P < 0.05) 
(Fig. 3a). This data confirms that miR-375 promotes the 
proliferation of A549 cells.

MiR-375 inhibits the apoptosis of A549 cells
We investigated the apoptotic ability following 

overexpression of miR-375, using flow cytometry. 

Under similar conditions, the apoptotic rate in cells 
overexpressing miR-375 was 12.1%, while the apoptotic 
rates in the control and empty vector transfected groups 
were 27.57% and 26.55%, respectively. The apoptotic 
rate in the cells with miR-375 overexpression was >10% 
than those in the other two groups (P < 0.05) (Fig. 3b). 
This demonstrates that miR-375 inhibits the apoptosis of 
A549 cells.

MiR-375 can regulate the 14-3-3 /ERK/MYC 
signaling pathway in NSCLC 

The 14-3-3ζ/ERK/MYC signaling pathway plays 
an important role in cell proliferation, invasion and 
metastasis. Therefore, we investigated whether this 
signaling pathway is affected by miR-375 expression 
in NSCLC. As expected, we found that with the 
overexpression of miR-375, the expression of 14-3-3ζ 
and MYC was increased (P < 0.05) (Fig. 4a, 4b and 4c), 
and while the expression of total ERK did not change 
significantly (P > 0.05) (Fig. 4a and 4d), the expression 
of p-ERK was significantly increased (P < 0.05) (Fig. 4a 

Fig. 2 The effects of miR-375 on cell invasion and migration. (a) Image and data analysis of wound healing assay; (b) Image and data analysis of 
transwell migration assay; (c) Image and data analysis of transwell invasion experiment. **P < 0.01
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and 4e). This analysis indicates that the 14-3-3ζ/ERK/
MYC signaling pathway is regulated by miR-375, which 
might explain the tumor promoting effect of miR-375 in 
NSCLC.

Discussion

Inhibiting metastatic progression in order to prolong 
the survival of patients with NSCLC remains a challenge. 
Existing evidence demonstrates that the regulation of 
miRNAs in NSCLC affects the regulation of various 
processes of tumorigenesis and cancer progression [18]. 
Previous studies have shown that more than half of 
the miRNAs are located in cancer-related genomic 
regions, suggesting that the dysregulation of miRNAs 
possibly plays a key role in tumor occurrence and 
progression19. Understanding the molecular mechanism 
of these miRNAs might lead to the identification of novel 
diagnostic and therapeutic targets for NSCLC. Research 
suggests that miR-375 plays an important role in many 
diseases [20–22]. It is undebatable that miR-375 is an 
important cancer-related miRNA. However, the specific 
mechanism of action of miR-375 in NSCLC remained 
unclear. Therefore, our study was focused on elucidating 
the role of miR-375 in NSCLC.

In the present study, our experiments demonstrate 
that miR-375 is highly expressed in the NSCLC cell line, 
A549. Overexpression of miR-375 in these cells resulted 

in increased invasion, proliferation, and metastasis, and a 
decrease in apoptosis. Hence, miR-375 was hypothesized 
as an oncogene in NSCLC. This observation is consistent 
with the findings from other studies which also have 
demonstrated increased expression of miR-375 in NSCLC, 
prostate carcinoma, and breast cancer [23–26]. In contrast, 
there are other evidences which suggest that miR-
375 is often poorly expressed in many types of cancers 
and can, in fact, act as a tumor suppressor through the 
regulation of many important target oncogenes [22, 27–30]. 
However, based on our results and supporting literature, 
we believe that the expression and role of miR-375 varies 
in different tumors, which might enable it to play both 
an oncogenic as well as tumor suppressor role depending 
on the tumor type. Several studies are now investigating 
the potential value of miR-375 as a prognostic biomarker, 
but the specific role of miR-375 in cancer remains to be 
elucidated. 

We found that the mRNA and protein expression of 
14-3-3ζ was upregulated when miR-375 was highly 
expressed, indicating that miR-375 might promote the 
expression of 14-3-3ζ. Members of the 14-3-3 family of 
proteins include seven mammalian isoforms (α/β, γ, σ, ε, ζ, 
η, and θ/τ) and have acidic polypeptides of approximately 
28–33 kDa size. To date, only six members of the 14-3-3 
protein family (α/β, γ, σ, ε, θ/τ, and ζ) and particularly the 
14-3-3ζ subtype has been found to be positively expressed 
in NSCLC15. This subtype forms complexes with Hsp27 

Fig. 3 The effect of miR-375 on cell proliferation and apoptosis. (a) Data analysis of apoptosis assay; (b) Flow cytometry results - image and data 
analysis. **P < 0.01
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or β-catenin leading to increased epithelial-mesenchymal 
transition, metastasis, and angiogenesis. Hence, it has 
been implicated as a prognostic and therapeutic target 
[16–17, 31–32]. Our experimental results indicate that the 
expression of 14-3-3ζ can be modulated by miR-375, but 
we have not conducted luciferase experiments to verify 
whether 14-3-3ζ is a direct target of miR-375. However 
this association has previously been demonstrated in 
another study [33].

Extracellular signal-regulated kinase (ERK1/2) is 
a serine-threonine kinase that is positively regulated 
by MEK1/2-mediated phosphorylation. The ERK 
pathway is a classical, mitogen-activated protein kinase 
(MAPK) signaling cascade and ERK1/2 regulates cell 
proliferation, growth, apoptosis, and differentiation [34–

35]. In our experiments, we overexpressed miR-375 and 
consequently, the expression of 14-3-3ζ protein also 
increased. Considering that, the altered expression of 
14-3-3ζ has been linked to ERK/MYC signaling pathway 
[36–38], we also evaluated the expression of ERK and MYC. 
According to the results of western blot analysis, we found 
that miR-375 affects the ERK/MYC pathway through the 
regulation of 14-3-3ζ expression.

In summary, our results suggest that miR-375 regulates 
tumorigenesis and malignant progression of NSCLC via 
14-3-3ζ/ERK/MYC signaling pathway. Therefore, miR-
375 could be a potential molecular target in the treatment 
of NSCLC. Further studies are required to evaluate the 

potential of utilizing miR-375 as a therapeutic target for 
NSCLC.

Conclusion
Our findings suggest that miR-375 promotes the 

malignancy of non-small cell lung cancer through the 14-
3-3 ζ /ERK/MYC pathway.
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Objective The aim of this study was to investigate the energy deposition in the target area of high intensity 
focused ultrasound (HIFU) with ultrasound-guided intra-hysteromyoma injection of ethyl alcohol absolute
Methods Eighty patients with hysteromyomas were randomly divided into two groups: group HIFU 
(group H) and group HIFU combined with ultrasound-guided intra-hysteromyoma injectionn of ethyl alcohol 
absolute (group E + H). Patients in group E + H received an ultrasound-guided injection of absolute ethyl 
alcohol 1 h before HIFU treatment. The irradiation time, irradiation dose, energy efficiency factor (radiation 
energy required for ablation of a myoma per unit of volume), grey variation, pain score, and adverse 
reactions were compared between the two groups. An independent sample t-test was used with a two-
tailed P-value of < 0.05.
Results The irradiation time, irradiation dose, and energy efficiency factor were significantly lower in 
group E + H than those in group H (P < 0.05). The hysteromyomas of patients in group E+H appeared as 
dominantly hyperechoic masses, and those of patients in group H appeared as hyperechoic tissue (non-
mass). The incidence of adverse reactions and pain score were higher in group H than those in group E + 
H (P < 0.05).
Conclusion Ultrasound-guided intra-hysteromyoma injection of ethyl alcohol absolute can enhance the 
energy deposition of HIFU in the uterine fibroids, improve the treatment efficiency, shorten the treatment 
time, reduce the treatment dose, and reduce the pain and complications for the patients.
Key words: high-intensity focused ultrasonography (HIFU); absolute ethyl alcohol; hysteromyomas; 
uterine fibroids; energy efficiency factor

Abstract

High-intensity focused ultrasonography (HIFU) is 
widely used in the clinical treatment of uterine fibroids [1]. 
Because of its longer radiation time and lower efficiency, 
especially in obese patients or those with a large volume 
of uterine fibroids with rich blood flow located close 
to the pelvic wall, the risk and complications of HIFU 
treatment are increased, and patients and therapists’ 
compliance decrease accordingly. In order to improve the 
efficiency of HIFU and shorten the treatment time, we 
herein investigated energy deposition in the target area of 
HIFU with ultrasound-guided intratumoral injection of 

absolute ethyl alcohol in the treatment of hysteromyomas.

Materials and methods

Subjects
The inclusion criteria and exclusion criteria
The inclusion criteria were as follows: (1) women with 

a clinical and imaging diagnosis of a hysteromyoma; (2) 
premenopausal women or women after childbearing 
age who were in a nonmenstrual period; (3) women 
who refused to undergo surgical treatment and had a 
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strong desire to retain their uterus; (4) women with 
a hysteromyoma that could be clearly observed and 
treated safely by ultrasonography; (5) women with an 
intramuralmyoma, subserosal myoma, or submucosal 
myoma (classified as II or III according to the International 
Federation of Gynecology and Obstetrics classification 
[2]); (6) women with a single myoma or fewer than three 
myomas; and (7) women without an allergy to alcohol. 
The exclusion criteria were as follows: (1) pregnant 
and lactating women; (2) women who also had other 
gynecological diseases (vaginitis, pelvic inflammation, 
cervical cancer, and so on); (3) women receiving large 
doses of abdominal radiotherapy; (4) women with 
cerebral infarction and cerebral hemorrhage within half a 
year earlier; and (5) women who also had serious systemic 
diseases, including heart, brain, lung, and kidney diseases.

Eighty patients who presented with hysteromyomas 
(92 uterine fibroids) from January 2012 to December 
2014 were selected in our study. All patients with 
hysteromyoma were randomly divided into group HIFU 
(group H) and group HIFU combined with ultrasound-
guided intra-hysteromyoma injectionn of ethyl alcohol 
absolute (group E + H) with 40 patients in each group. 
Patients in group E + H received an ultrasound-guided 
injection of absolute ethyl alcohol 1 h before HIFU. 
Informed written consent was obtained from all patients 
before HIFU treatment and myoma puncture.

Reagent
The main reagent was absolute ethyl alcohol (Tianjin 

Kemiou Chemical Reagent Co., Ltd., China), which had 
an ethanol content more than 99.7%.

Instruments
The Siemens S2000 color Doppler ultrasonic apparatus 

was connected to a convex array probe with a frequency 
of 3.5 MHz, and it was equipped with a puncture guide 
frame, puncture needle from (21 gauge × 200 mm, Japanese 
BaGuang Corporation), and percutaneous alcohol 
injection therapy needle with three holes. The JC HIFU 
tumor therapy system (Chongqing Haifu Technology 
Co., Ltd., China) consists of a treatment system, water 
management system, monitoring ultrasound system, and 
power source. The diameter of the head of the system was 
200 mm with a working frequency of 0.8 MHz and focal 
length of 170 mm. A high-energy ultrasonic wave was 
used as the medium of degassing water in vitro; it was 
focused on the tumor through the skin, and it produced 
an instant high temperature (60–100°C) to achieve 
its therapeutic purposes due to tissue coagulation and 
necrosis [3].

Methods
Preoperative regimen
Two groups of patients were completed with related 

examination two days before HIFU treatment with 
dregs diet, at 3 p.m one day before treatment with oral 
catharsis, cleansing enema on the treatment day, with 
retention catheterization and intravenous catheter. Skin 
preparation, degreasing and degassing were prepared 
for the lower abdomen.Informed written consent was 
obtained from all patients before HIFU treatment and 
myoma puncture

Ultrasound-guided intratumoral injection of absolute 
ethyl alcohol

 The patients in group E + H were lied supine, 
ultrasound-guidedly injected with ethyl alcohol absolute 
1 h before HIFU treatment, routinely sterilized, with 
2% lidocaine as local anaesthesia in the lower abdomen.
They were ultrasound-guidedly penetrated into the deep 
part of the myoma through the abdominal wall, avoiding 
intestinal tube and bladder with 21G alcohol injection 
puncture needle, about 1 to 1.5 cm near deep capsule, 
and ethyl alcohol absolute was injected slowly. The 
hyperechoic reflex was seen immediately, and the needle 
body was rotated to make sure ethyl alcohol absolute 
diffuse evenly. According to the size of the fibroids, the 
injection volume ranged from 3 to 5 mL, less than 10 mL. 
Patients were observed to make sure if there was any 
adverse reaction during the injection.

Outcomes
Both groups of patients were treated with fentanyl 

and midazolam for analgesia and sedation, respectively. 
The pain score (Ramsay classification [4]) was less than 
4 points. Lying prone on the treatment bed, combining 
with the preoperative imaging results to set the treatment 
plan, with the point scanning, the interlayer spacing of 
5 mm, the power of 400 W, the treatment mode of 1S 
/2S, the patients of group E+H can be seen as hyperechoic 
reflex in the ultrasound after ultrasound-guided injection 
of ethyl alcohol absolute, helping to locate the site where 
began treatment from deep to shallow. According to the 
standard, effective treatment was evaluated in real time 
by gray variation in the treatment area or the increase 
of the overall gray level [5], and the curative effect was 
evaluated by contrast-enhanced ultrasound. Two groups 
of patients were confirmed as satisfactory therapeutic 
effect by pelvic enhanced MRI after HIFU treatment, and 
the difference was not statistically significant.

Data collection and analysis
The following observational indices of the two patient 

groups were assessed: the irradiation time (s), irradiation 
dose (J), energy efficiency factor (EEF) (EEF= P × t/V, 
where EEF was the radiation energy required for ablation 
of a myoma per unit of volume, P was the output power, 
t was the irradiation time, and V was the volume of 
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Demographic characteristics
There was no significant difference between the 

two groups in average age, weight, and size of the 
hysteromyoma (P > 0.05), indicating that the treatment 
conditions were consistent and comparable (Table 1).

Ablation indices
The ablation indices, including the irradiation time, 

irradiation dose, and EEF between the two groups were 
statistically different (P < 0.05). The average irradiation 
time, total irradiation power, and EEF were lower in 
group E + H than in group H (Table 2).

Outcomes
Grey variation and the pain score were significantly 

different between the two groups (P < 0.1). The 
hysteromyomas of patients in group E + H were mainly 
shown as hyperechoic masses, and those of patients in 
group H were mainly shown as hyperechoic tissue (non-
mass). The pain scores (Ramsay classification [8]) in group 
E + H were less than 4 points, which were lower than 

Table 1 Comparison of general condition between group HIFU (group H) and group HIFU combined with ultrasound-guided intra-hysteromyoma
 injectionn of ethyl alcohol absolute (group E + H) ( mean ± SD)
Groups  Age (years) Body Weight (kg) Average volume of the myomas (mm3)
Group E + H 42.43 ± 3.92 59.15 ± 8.13 142302.12 ± 116371
Group H 43.83 ± 4.31 58.90 ± 7.15 167030.01 ± 100320
t 1.519 0.146 1.017
P > 0.05 > 0.05 >0.05

Table 2  Comparison of the ablation indexes between group HIFU (group H) and group HIFU combined with ultrasound-guided intra-hysteromyoma 
injectionn of ethyl alcohol absolute (group E+H) (mean ± SD)
Groups Irradiation time (s) Total irradiation dose (J) EEF (J/mm3 )
Group E + H 1166.38 ± 442.65 318031.45 ± 194579.65 4.51 ± 2.50
Group H 1444.03 ± 728.57 811941.13 ± 220277.48 5.46 ± 5.10
t 2.545 1.221 1.861
P < 0.05 < 0.05 < 0.05

the myoma [6–7]), grey variation, pain score according to 
the numeric rating scale (0–10 points), and treatment 
complications according to the Society of Interventional 
Radiology classification system [8].

Statistical analysis
All computations were performed using SPSS 13.0 

statistical software (SPSS, USA), and data are expressed 
as mean ± SD. An independent sample t-test was used 
to compare the data between group H and group E + H. 
A two-tailed P-value < 0.05 was considered statistically 
significant.

Results

Patients’ age ranged from 34 to 47 years (mean 43.12 
± 5.88 years) and weight ranged from 41 to 78 kilograms 
(mean 59.03 ± 8.11 kilograms). Fifty-four patients had 
an anteverted uterus, and 26 had a retroverted uterus. 
Fifty-eight patients had intramural myomas, 29 had 
subserosal myomas, and 5 had submucosal myomas. 
Forty hysteromyomas were located in the anterior 
wall, 26 were located in the posterior wall, and 22 were 
located in the base of the uterus; the diameter of the 
hysteromyomas ranged from 39 to 124mm(mean 61.11 ± 
16.21 mm), and the average volume was 154 587.73 mm3 
(longest diameter × anteroposterior diameter × transverse 
diameter × 0.5233).

Two groups of patients were confirmed as satisfactory 
therapeutic effect by pelvic enhanced MRI after HIFU 
treatment,and the difference was not statistically 
significant.

Table 3 Comparison of gray variation and pain score between group 
HIFU (group H) and group HIFU combined with ultrasound-guided intra-
hysteromyoma injectionn of ethyl alcohol absolute (group E + H) 

Groups
 Gray variation Pain Score

No distinctness  distinctness < 4 4–7
Group E + H 3 29 34 6
Group H 18 14 13 27
χ2 3.791 1.312 1.913 3.471
P > 0.1 < 0.25 < 0.25 < 0.1
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Table 4  Comparison of complications between group HIFU (group H) and group HIFU combined with ultrasound-guided intra-hysteromyoma injectionn 
of ethyl alcohol absolute (group E + H) 

Groups Cases

Class A Class C Class C

Class 
D-FHypog-

astralgia

Sacroc-
occygea/
Hip pain

Vaginal 
discharge Hematuria

Lower 
extremity 

nerve 
irritation 

symptoms

Skin 
vesicle

Hypogas
tralgia

Sacroco-
ccygeal/
Hip pain

Num-
bness

of 
lower
limb

Fever

Group E + H 40 30 5 3 0 2 0 1 1 0 1 0
Group H 40 35 8 6 2 4 1 2 3 1 1 0
χ2 2.051 0.827 1.127 2.051  0.721 1.013 0.346 1. 053 1.013
P > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05 > 0.05

those in group H (Table 3).

Complications
The complications between the two groups were 

significantly different. Thirty-six patients in group E+H 
had complications, including 43 cases categorized as class 
A, 2 cases as class B, and 1 case as class C. Thirty-nine 
patients in group H had complications, including 63 cases 
categorized as class A, 6 cases as class B, and 1 case as class 
C. The incidence of complications was lower in group E + 
H than in group H (Table 4).

Discussion

As a non-invasive technology, HIFU has been widely 
used in the treatment of hysteromyomas in our country 
and abroad. Compared with the traditional treatment 
of hysteromyomas, such as surgery, medicine, and 
interventional therapy, HIFU is safe; has an outstanding 
curative effect; is associated with minimal trauma, less 
pain, and rapid recovery; preserves the uterus; causes no 
adverse drug reaction; and so on [9]. However, the use of 
HIFU for the treatment of hysteromyomas depends on 
the size, position, and blood supply of the myoma, T2-
weighted (T2WI) high-intensity signal detected by MRI, 
and patient’s body weight. Obesity leads to a longer 
irradiation time, lower treatment efficiency, increased 
incidence of pain and complications, and reduced 
compliance of patients and therapists, which restricts 
the clinical application of HIFU. How to improve the 
treatment efficiency and shorten the treatment time of 
HIFU has become a popular topic in research. Related 
studies [10-11] have shown that there are two main ways 
to improve the efficiency of HIFU for the treatment of 
hysteromyomas. The first way is to increase the output 
power of the HIFU transducer, and the second way is to 
change the acoustic properties of the target tissue and 
the acoustic environment in tissue (AET) to increase 
the energy deposition efficiency of HIFU. The increased 
output power of HIFU will increase the patient’s pain 

even in the drug-induced state, making it difficult to 
carry out the treatment; additionally, it may lead to 
secondary injury or even serious complications. Thus, 
changing the AET using certain methods can increase 
the energy deposition in the target area, improve the 
efficiency of treatment, shorten the treatment time, and 
reduce or avoid the occurrence of secondary injury and 
complications in the condition of constant radiation 
parameters of HIFU. The smaller the EEF, the lower is the 
ultrasonic energy required for ablation of the myoma per 
unit of volume, which means that the energy deposition 
efficiency of HIFU is higher. EEF is positively correlated 
with the radiation time when the radiation parameters 
of HIFU and damage volume are constant; that is, the 
smaller the EEF is, the shorter the required radiation 
time is. This study showed that with the same output 
power, the irradiation time, total irradiation energy, 
and EEF were significantly lower in group E + H than in 
group H, and the difference was statistically significant. 
This finding indicated that the injection of absolute 
ethyl alcohol changed the AET of the myoma tissue and 
reduced the EEF needed for ablation of the myoma; thus, 
the radiation time was shortened, and the efficiency of 
treatment was improved.

Absolute ethyl alcohol, a chemical reagent, has been 
widely used in the chemical ablation of solid tumors, 
such as liver cancer. In recent years, it has been also 
used in the ablation of uterine fibroids, because it 
dehydrates and solidifies the tissue protein, denatures 
the tissue protein, solidifies the small blood vessels in the 
myomas, damages the endothelium, and embolizes the 
blood vessels to reduce the effect of blood cooling in the 
treatment of HIFU, making the myomas easier to ablate. 
Absolute ethyl alcohol can also reduce the threshold 
power of the cavitation effect on the uterine fibroid 
with a low ultrasonic energy of HIFU [12] and promote an 
increased temperature of the tissue to achieve ablation. 
Moreover, because of deep injection of absolute ethyl 
alcohol, a “sound beam barrier” forms, which increases 
the acoustic impedance and local heat deposition, making 
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it is easier and faster to detect hyperechoic masses by 
ultrasonography, which is in agreement with the results 
observed in group E + H in the present study. More sound 
waves are reflected by myomas in the necrotic zone, the 
time to myoma necrosis is shortened, energy deposition in 
the ectopic area is reduced, and normal tissue around the 
myoma is protected effectively, and at the same time, the 
attenuation of energy and reduction of acoustic energy in 
the posterior area near the myomas relieves the patient’s 
discomfort and pain, especially for large myomas located 
in the posterior wall of the uterus or near the caudal 
tail. The present study showed that the pain score was 
lower in group E + H (< 4) than in group H (4–7), and the 
incidence of complications of all classes was significantly 
lower in group E + H than in group H, without serious 
complications.

We found that ultrasound-guided intratumoral 
injection of absolute ethyl alcohol is simple, safe and 
easy to perform; however, there are several points that 
require attention. (1) Due to the good mobility of the 
uterus and small size and hard texture of the myomas, 
it is easy to insert the needle into the wrong place; thus, 
the ultrasonographer must palpate the uterus in vitro, 
or transvaginal myomectomy should be performed. 
(2) The injection should be performed away from the 
endometrium as far as possible. (3) Calcified myomas 
should not be punctured. (4) During the puncture process, 
the tip of the needle should always be monitored, and it 
must be injected deep into the myoma. If the shallow 
part of the myoma is diffuse, it will affect the HIFU 
treatment. (5) Absolute ethyl alcohol can be easily diluted 
or removed from the blood, as its diffusion is related to 
the tissue structure and blood supply. For myomas with 
a rich blood supply, extension of the hyperechoic region 
is limited. Early injection is bound to reduce the scope of 
solidification and the effect on local tissue, thus reducing 
the synergistic effect of absolute ethyl alcohol; therefore, 
we injected a small dose of absolute ethyl alcohol 1 hour 
preoperatively, which has a synergistic effect, ensures 
safety, and enables preoperative localization of HIFU 
treatment. In addition, an excessive injection volume, 
rapid injection speed, puncture site without protection 
of the myometrium from normal contraction force, 
uncontrollable ablation range, and potential alcohol 
leakage can result in subsidiary injury to the surrounding 
tissue and trigger secondary infection [13].

In conclusion, the use of absolute ethyl alcohol has 
several advantages. It has an obvious synergistic effect, is 
safe, causes minimal trauma, and makes it easy to operate, 
which can improve the treatment efficiency, shorten 
the treatment time, reduce the total radiation energy of 
HIFU treatment, avoid energy-related adverse reactions, 

and complications. Thus, the use of absolute ethyl alcohol 
improves patients and physicians’ compliance with HIFU 
treatment, especially in patients with a large volume 
of hysteromyomas in the posterior wall of the uterus, 
hysteromyomas with a rich blood supply, or a T2WI high-
intensity signal detected by MRI, and obese patients.
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Objective Radiotherapy combined with conservative surgery plays an important role in the treatment 
of early-stage breast cancer. Volumetric modulated arc therapy (VMAT) has been introduced into clinical 
practice. The purpose of this study was to investigate the dosimetric effects of different multileaf collimators 
(MLC) on VMAT radiotherapy plans for treating breast cancer.
Methods Fifteen breast cancer patients who were treated using a conventional technique in our 
department were selected to participate in this retrospective analysis. VMAT plans based on three types of 
Elekta MLCs [Beam Modulator (BM) with 4-mm leaf width, Agility with 5-mm leaf width and MLCi2 with 10-
mm leaf width] were independently generated for each patient. Plan comparisons were performed based 
on dose-volume histogram (DVH) analysis including dosimetric parameters such as the homogeneity index 
(HI), conformity index (CI), Dmax, Dmin, and Dmean for the planning treatment volume (PTV), in addition 
to dose-volume parameters for the organs at risk (OARs). The delivery efficiency of the three types of MLCs 
was compared in terms of the beam delivery time and the monitor units (MUs) per fraction for each plan. 
Results Both target uniformity and conformity were improved in plans for Agility and BM MLC compared 
with the plan using MLCi2. The mean HI decreased from 1.14 for MLCi2 to 1.13 for BM and 1.10 for Agility, 
while the mean CI increased from 0.68 for MLCi2 to 0.73 for BM and 0.75 for Agility. Furthermore, at both 
low and high dose levels, smaller volumes of ipsilateral lung, heart, contralateral lung, and breast were 
irradiated with Agility MLC than with the other two types of MLCs. The delivery time with Agility MLC was 
reduced by 10.8% and 32.1%, respectively, compared with that for MLCi2 and BM.
Conclusion Our results indicate that the Agility MLC exhibits a dosimetric advantage and a significant 
improvement in delivery efficiency for the treatment of breast cancer using VMAT.
Key words: multileaf collimator; leaf width; volumetric modulated arc therapy (VMAT); breast cancer; 
agility; MLCi2; beam modulator (BM)

Abstract

Whole breast irradiation (WBI) combined with 
conservative surgery is a well-established treatment 
for early-stage breast cancer. Long-term follow-up of 
randomized trials have shown comparable overall survival 
and disease-free survival results for conservative surgery 
and WBI compared with mastectomy [1–3]. Conventionally, 
two tangential beams with paired wedges are employed 
to treat the breast and chest wall tissue. Additional 
megavoltage electron fields abutting photon fields are 
often used to treat the supraclavicular (SV), axillary, and 
internal mammary lymph nodes [4–5]. Treatment planning 

and delivery techniques have advanced significantly in 
the past two decades as external beam radiation therapy 
has evolved from conventional wedged tangential fields to 
three-dimensional conformal radiation therapy (3DCRT) 
and intensity-modulated radiation therapy (IMRT). 

Volumetric modulated arc therapy (VMAT) is a 
rotational IMRT technique was introduced into clinical 
practice over six years ago. VMAT can achieve a high 
degree of intensity modulation by simultaneously 
varying the dose rate, gantry rotation speed, and MLC 
speed. A series of studies have shown that VMAT 
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results in at least equivalent and possibly better target 
dose distributions with the same or better organs at risk 
(OARs) sparing compared to IMRT or 3DCRT. More 
importantly, this approach facilitates a remarkable 
improvement in delivery efficiency with a significant 
reduction in the number of monitor units (MUs) 
compared to conventional IMRT [6–16]. 

Several types of MLCs with different widths are 
available for different VMAT treatment plans. There is a 
body of literature based on the investigation of the impact 
of the MLC leaf width on VMAT treatment planning for 
several tumor sites including head and neck, rectum, and 
prostate, etc. [17–23]. However, to the best of our knowledge, 
no comparative studies on the dosimetric effects of the 
MLC leaf width on VMAT planning for breast cancer 
after conservative surgery has been conducted. This study 
investigated the impact of different MLCs on the treatment 
of breast cancer with VMAT by comparing the treatment 
plans for 15 patients using Elekta Agility, MLCi2, and 
Beam ModulatorTM (BM) (Elekta AB, Sweden).

Materials and methods

Patient selection and simulation
Fifteen patients with T1N0 breast carcinoma (10 left-

sided and 5 right-sided) who were initially treated using 
3DCRT or fixed field IMRT in our clinic were selected 
for this retrospective analysis based on VMAT planning. 
The median age of the patients was 51 years (range: 39–63 
years). The patients were simulated in the supine position 
with both arms raised above the head. The computed 
tomography (CT) imaging was performed using a Philips 
Brilliance BigBore simulator (Philips Medical Systems, 
Madison, WI) from the level of the larynx to the bottom 
of the lungs with a 5-mm slice thickness and slice 
spacing. The study was approved by the ethics committee 
of Chinese PLA Army General Hospital. All patients 
provided written consent for storage of their medical 
information in the hospital’s database and for research 
use.

Contouring of target volumes and organs  
at risk

The delineation of the target and critical structures for 
all patients was performed by a single expert radiation 
oncologist in breast cancer treatment. For the 15 cases 
without regional lymph node involvement, the clinical 
target volume (CTV) consisted of the lumpectomy 
cavity with a margin of 15-mm, modified to stay within 
the glandular tissue identified using the CT scan. The 
planning target volume (PTV) was constructed by adding 
a 5-mm margin to the CTV and retracting the PTV to the 
tissue inside 3-mm of the skin, to account for dose build-
up during dose calculation. The delineated organs at risk 

(OARs) consisted of the double lung, the heart, and the 
contralateral breast. 

Collimator specification and modeling
The Agility MLC has 80 pairs of leaves of 5-mm width 

at the isocenter, and the maximum field size was 40 cm × 
40 cm. The maximum leaf speed was 3.5 cm s-1, or up to 
6.5 cm s-1, combined with a dynamic leaf guide [24] and the 
leaves can interdigitate. 

The MLCi2 has 40 pairs of leaves with a 10-mm leaf 
width at the isocenter. The maximum field size was 40 
cm × 40 cm. The maximum leaf speed was 2 cm s-1 and 
there was a minimum gap of 5 mm between opposite 
leaves. Under the leaves, there were auto tracking backup 
diaphragms that were movable during the treatment to 
minimize leakage. A set of perpendicular jaws were also 
movable during the treatment. The maximum distance 
between leaves on the same leaf guide was 32.5 cm, and a 
leaf can move over the central axis up to a distance of 12.5 
cm. MLCi2 can also interdigitate. 

The BM MLC has 80 leaves with a leaf width of 4-mm 
at the isocenter, and the maximum field size was 21 cm × 
16 cm. The leaf can move at the maximum speed of 3 cm 
s-1. The minimum gap between opposite leaves was 5 mm 
and the maximum distance between leaves on the same 
leaf guide was 21 cm (full field travel). The leaves have 
the ability to interdigitate.

Three accelerators equipped with three types of MLCs 
were modeled in the Monaco treatment planning system 
(version 5.00.02, Elekta AB, Sweden). The beam models 
were validated using 8 specific fields in a standard QA 
package called ‘ExpressQAPlan’. This package was 
described in Elekta technical document [25] to ensure the 
accuracy of the MLC modeling. 

VMAT planning and verification
All VMAT plans were generated on the Monaco system 

using 6 MV photon beams from am Elekta AxesseTM linac 
with Agility MLC, a SynergyTM linac with MLCi2, and a 
Synergy STM linac with BM. 

For each patient, three VMAT plans were created. 
The couch angle was set at 0° for all the plans and the 
collimator angle was set at 90°. Two partial arcs at 
220°ranging from 50° to 190° for the right-sided tumors 
and from 170° to 310° for the left-sided tumors were used. 
These angles were chosen to avoid direct irradiation to 
the spinal cord, contralateral breast, and contralateral 
lung. The prescribed dose to the PTV was 50 Gy in 25 
fractions. The plans were normalized to cover 95% of the 
PTV with 100% of the prescribed dose. The optimization 
objectives and constraints that were listed in Table 1 
were the same for all plans. In order to ensure equitable 
dosimetric comparisons, identical objectives functions 
were utilized for all three machines. The dose calculation 
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was performed using a Monte Carlo algorithm with a grid 
size of 3 × 3 × 3 mm3.

Dose verification was performed using a Delta4 diode 
detector array (ScandiDos, Inc. Sweden). The passing 
criterion with the Gamma tests for verification of the 
VMAT plan was 90% (3% dose difference, 3mm distance 
to agreement) in our clinic.

Dosimetric parameters for plan evaluation
For the PTV, the parameters based on dose-volume 

histogram (DVH) data included the homogeneity index 
(HI), conformity index (CI), the maximum dose (Dmax), 
the minimum dose (Dmin), and Dmean. The HI was 
defined as D5/D95 (D5, D95 are the dose received by the 
high-end 5% and 95% of the PTV volume, respectively). 
Clearly, a lower HI value means better dose homogeneity. 
The CI used to evaluate the PTV coverage based on the 
prescription isodose was defined as

  (TV 

was the target volume, V was the volume covered by the 
prescription dose, and TVref was the volume of the target 
that was covered by the prescription dose). The CI value 
was less than one and the conformity was better as this 
value approaches one [26]. Dmax represents the dose 
received by the high-end 2% of the PTV volume. Dmin 
represents the lowest dose received by 98% of the PTV 
volume [27]. For the OARs, Vx denotes the percentage 
volume that receives a dose of x Gy. V5, V10, V20, V30 of 
the ipsilateral lung, V5 of the heart, V3 of the contralateral 
lung, and V3 of the contralateral breast were evaluated 
for each plan.

Statistical analysis
One-way analysis of variance (ANOVA) was used to 

compare multiple groups of means after the equal check 
of the variance, and the least significant difference 
(LSD) was used to implement the two-two comparisons 
between any two means. Statistical analyses were 
conducted using SPSS software (version 18.0, SPSS Inc, 
USA). The confidence interval was 95% and the statistical 

significance was assigned a P-value of < 0.05.

Results

Comparison of dosimetric metrics of PTV
Isodose lines and DVHs of the three plans for a typical 

patient are presented in Fig. 1 and Fig. 2, respectively. 
Target metrics including Dmax, Dmin, Dmean, HI, and CI are 
listed in Table 2. The one-way ANOVA test revealed 
a significant difference in the value of HI for the plans 
based on three types of MLC (P = 0.015), and further LSD 
test demonstrated that Agility yielded significantly better 
uniformity than MLCi2 and BM (P = 0.005, P = 0.046). 
The difference between the three MLCs was statistically 
significant in terms of CI (P = 0.033). The CI for the 
Agility and BM plans were better than that of MLCi2, 
but there was no significant difference between Agility 
and BM (P = 0.425). A statistically significant difference 
between the three plans for Dmax, Dmin, and Dmean (Dmax: P = 
0.012, Dmin: P = 0.041, Dmean: P = 0.014) was also observed.

Comparison of dosimetric parameters of OARs
The dosimetric parameters of OARs as indicated in the 

preceding section were presented in Table 3. The DVHs 
of clinically important OARs of the three plans for a 
typical patient were illustrated in Fig. 2.

A one-way ANOVA analysis revealed significant 
differences between the dose of the contralateral breast 
and the ipsilateral lung, for the three plans (contralateral 
breast V3: P = 0.020; ipsilateral lung V5: P = 0.000, V10: 
P = 0.000, V20: P = 0.001, and V30: P = 0.002). In the 
LSD test, Agility and MLCi2 plans had significantly 
lower values than BM plan in V3 of the contralateral 
breast (P = 0.007, P = 0.050), as well as V5 and V10 of the 
ipsilateral lung (V5: P = 0.000, P = 0.000, V10: P = 0.000, P 
= 0.029). However, there were no significant differences 
between V3 of the contralateral lung and V30 of the heart 
(contralateral lung V3: P = 0.351; heart V30: P = 0.528). 
In addition, the volume of the ipsilateral lung irradiated 
in the Agility plan was significantly smaller than the 
volume in the MLCi2 and BM plans (V20: P = 0.001 and 
P = 0.005, V30: P = 0.000 and P = 0.049, respectively). No 
significant difference between the MLCi2 and BM plans 
was determined for V20 and V30 of the ipsilateral lung (P 

Table 1 Dose-volume constraints for PTV and OARs
Structures Volume (%)  Dose (Gy)
PTV 95 50
Heart ≤ 10 30
Contralateral breast ≤ 15  3
Contralateral lung ≤ 15  3
Ipsilateral lung ≤ 70  5

≤ 50 10
≤ 30 20
≤ 20 30

Table 2 Comparison of target volume dosimetric metrics for three 
VMAT plans
Parameter Agility MLCi2 BMTM P value
Dmax 55.22 ± 1.46 57.46 ± 2.32 56.77 ± 2.16 0.012
Dmin 48.30 ± 0.82 47.41 ± 1.01 47.78 ± 0.95 0.041
Dmean 52.82 ± 1.06 54.41 ± 1.67 53.77 ± 1.48 0.014
HI 1.10 ± 0.03 1.14 ± 0.05 1.13 ± 0.04 0.015
CI 0.75 ± 0.07 0.68 ± 0.06 0.73 ± 0.08 0.033
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Table 3 Comparison of OARs dosimetric parameters for three VMAT plans
OARs Parameters Agility MLCi2 BM P value
Contralateral lung V3 6.78 ± 1.66 7.02 ± 1.77 7.85 ± 2.72 0.351
Contralateral Breast V3 8.78 ± 3.21 9.99 ± 3.35 12.92 ± 5.10 0.020
Heart V30 3.20 ± 2.46 4.52 ± 3.92 3.56 ± 3.28 0.528
Ipsilaterla lung V5 64.82 ± 6.52 68.06 ± 5.06 80.10 ± 5.06 0.000

V10 39.81 ± 5.24 46.90 ± 4.67 50.91 ± 4.61 0.000
V20 24.35 ± 3.77 29.02 ± 3.19 28.05 ± 3.21 0.001
V30 15.46 ± 2.75 19.68 ± 3.13 17.66 ± 3.04 0.002

Fig. 1 Comparison of VMAT plans with different MLC widths. Transverse, coronal, and sagittal isodose distributions of the three modalities plans were 
shown for a typical patient
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Fig. 2 Comparison of VMAT plans with different MLC widths. Dose-volume histograms of the three plans for a typical patient were shown for PTV, 
heart, contralateral breast, contralateral lung, and ipsilateral lung
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= 0.439, P = 0.070). 

Delivery efficiency
Delivery efficiency was assessed by measuring the 

MUs per fraction and the beam delivery time for each 
plan. The results were listed in Table 4. There was no 
significant difference among the three plans in term of 
the MU required. However, the delivery time for VMAT 
not only depends on the number of MUs, but also depends 
on the dose rate, speed of MLC movement, as well as the 
gantry rotation. Therefore, the MU results of our current 
study do not reflect the actual delivery time. The actual 
delivery time with Agility was 10.8% and 32.1% less than 
those with MLCi2 and BM, respectively.

Discussion

MLC, as one of the key inventions for the modernization 
of radiation therapy [28], is crucial for generating the 
intensity-modulated beam in VMAT delivery. This 
is a sophisticated application of dynamic IMRT that 
involves simultaneous beam angle rotation. The leaf 
width of MLCs is important for both the target shaping 
resolution and fine intensity modulation. Numerous 
studies have investigated the effect of the MLC leaf width 
on VMAT planning at several tumor sites. Chae SM et 
al. [21] compared 2.5-mm and 5-mm MLC with VMAT 
techniques for spine lesion treatment and determined 
that the target volume coverage and the dose gradient 
index was better with the 2.5-mm MLC. However, there 
was no statistically significant difference in the CI. A 
similar result was also obtained in a study by Serna A et 
al.[23]. In a study on the impact of MLC width on VMAT 
for head and neck cancer (HNC), Hong CS et al. [18]  found 
that replacing a 5-mm MLC with a 2.5-mm MLC yielded 
dosimetric benefits which included a noticeably improved 
CI and a lower spinal cord dose. However, the benefits 
were insignificant for large HNC tumors. Furthermore, 
the delivery efficiency was indifferent with the leaf 
width for either small or large tumors. Lafond C et al.[19] 
compared VMAT plans using 10-mm and 4-mm MLCs 
for 16 patients with HNC. The HI and CI for the target 
volume increased by 7.9% and 4.7% with 4-mm MLC, 
respectively. The indices for the OARs were as follows: 
Dmax of spinal cord and brain stem decreased by 1.2 Gy 
and 4.2 Gy, respectively and D50% (dose covering > 50% 
of OARs volume) of contralateral parotid decreased by 

1.5 Gy with 4-mm MLC. The study by Blümer et al. [22] 
compared VMAT plans using 5-mm and 10-mm MLCs for 
anal cancer, HNC and prostate cancer. The results showed 
that the HI and CI of the target volume using 5-mm MLC 
were better than those obtained using 10-mm MLC. 
However, the average DVH for the OARs using different 
MLCs exhibited similar results for all three tumor sites 
using 10-mm MLC VMAT plans, except for a lower dose 
to the femoral head in anal and prostate cancer patients, 
and a lower dose to the spinal cord in HNC patients. The 
study of van Kesteren et al. [20] investigated the impact of 
MLC of 5-mm and 10-mm leaf width on VMAT in the 
case of prostate and rectum cancer and found increased 
OARs sparing for thinner MLCs for both tumor sites. In 
addition, the mean doses of the OARs decreased from 0.5 
Gy to 2.5 Gy.

In this study, we observed a clear dosimetric advantage 
with Agility and BM MLC over MLCi2 in both target 
uniformity and conformity in the treatment of breast 
cancer patients. The mean HI was 1.13 for BM and 1.10 
for Agility, respectively, versus 1.14 for MLCi2. The 
mean CI was 0.73 for BM and 0.75 for Agility, versus 0.68 
for MLCi2, which demonstrates that Agility MLC may 
improve the cosmetic effects of breast cancer patients. 
Another observation was that Agility and MLCi2 exposed 
smaller volumes of ipsilateral lung, contralateral lung, 
and contralateral breast at low dose levels compared with 
BM. In addition to the leaf width, the transmission and 
the maximum leaf speed can affect the quality of VMAT 
plans, and MLC transmission is crucial for regions outside 
of the target. The average transmission of Agility is about 
0.3%. Although MLCi2 and BM MLC have nearly the 
same average transmission (0.60%–0.70%), the leakage 
dose in the patient was different because the MLCi2 
has two pairs of jaws: a pair of major jaws and a pair 
of backup jaws that move perpendicular and parallel 
to the MLC leaves, respectively. These jaws can move 
automatically by tracking the open and most extended 
leaves. Our data revealed that the jaws that are movable 
during treatment delivery assisted in reducing the whole-
body dose. For BM, the collimator angle was set at 90o 

to exploit the maximal dimension of the MLC (21 cm) 
in the craniocaudal direction. To ensure an equitable 
comparison, the collimator angle was also set at 90o for 
Agility and MLCi2 during the generation of the VMAT 
plans.

The faster leaf travel speed of the Agility MLC was 
shown to be very beneficial to treatment delivery 
efficiency. The most prominent result obtained is that 
VMAT can be delivered with high-efficient using Agility, 
and the delivery time was reduced for Agility by 10.8% 
and 32.1%, respectively, compared with MLCi2 and BM. 
This would likely improve patient comfort and reduce the 
intra-fraction motion of organs during radiation delivery. 

Table 4 Number of MUs and delivery time with each type of MLC
Item Agility MLCi2 BM P value
MUs 1164.9 ± 203.2 1092.5 ± 171.9 1144.8 ± 174.8 0.542
Delivery time (min) 2.56 ± 0.24 2.87 ± 0.29 3.77 ± 0.35 0.000
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The VMAT technique has an improved dosimetry and 
reduced treatment time compared to conventional IMRT 
for breast cancer patients [13]. However, the probability of 
radiation-induced secondary malignancies may increase 
when larger volumes of normal tissues are exposed to 
lower doses [29]. Many breast cancer patients survive for 
a long time after treatment. Therefore, one should be 
mindful about the increased risk of secondary malignancy 
due to low dose radiation when designing the treatment 
strategy or choosing the radiation technique, even though 
this risk may not be accurately quantified at this point. 
Until now, only the difference in skin toxicity based on 
several techniques has been reported. This difference is 
significant to the cosmetic effects [30]. Clinical trials and 
long-term follow-up may be required to evaluate the 
clinical significance of dosimetric characteristics with 
VMAT.

Another issue which demands consideration is inter- 
and intra-fraction motion. The auto flash margin function 
embedded in the Monaco planning system can assist 
in addressing this problem. In addition, the accuracy 
of the setup in VMAT can be further improved using 
a breathing control device and an appropriate image 
guidance technique. The impact of breathing motion 
on plan delivery is currently under investigation using 
four-dimensional computed tomography (4D-CT) in our 
department, and the results will be reported in the near 
future.

Conclusions
For breast cancer radiation therapy after conservative 

surgery, Agility VMAT plans are dosimetrically 
advantageous compared to the plans based on MLCi2 and 
BM. This approach yields better dose homogeneity and 
conformity of the target volume, as well as OARs sparing. 
Delivery of VMAT on Agility is significantly faster 
compared MLCi2 and BM.
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Treating metastatic gastric neuroendocrine neoplasms (gNENs) is challenging, especially for those with 
progressive disease during somatostatin analog processing. In this report, we present a case of a well-
differentiated grade 2, type 3 gNEN with metastatic hepatic portal lymph nodes. EDGE non-invasive 
radiosurgery (800 cGy × 5 F) was performed to radiate the metastatic hepatic portal lymph nodes. Three 
months after the hyperfractionated radiotherapy, no signs of metastatic hepatic portal lymph nodes were 
observed using 8Ga-dotatate positron emission tomography-computed tomography or magnetic resonance 
imaging. Therefore, EDGE non-invasive radiosurgery could be a potential option for treating local metastatic 
nodes.
Key words: gastric neuroendocrine neoplasm (gNEN); hepatic portal lymph node metastases; EDGE 
non-invasive radiosurgery

Abstract

Case presentation

History
A 46-year-old man with the complaint of stomach 

ache for two months underwent gastroscopy at the First 
People’s Hospital of Jingzhou (China) on January 3, 2014. 
Gastroscopy showed an irregular ulcer lesion (3.0 cm 
× 0.8 cm) at the posterior wall adjacent to the greater 
curvature of the junction of the gastric sinus and body, 
as well as chronic non-atrophic gastritis. Pathological 
and immunohistochemical findings demonstrated the 
presence of a malignant gastric tumor, with suspected 
adenocarcinoma or neuroendocrine neoplasm (NEN). 
Preoperative examinations showed no distant metastases. 
The patient underwent radical resection of the distal 
gastric cancer on January 15, 2014 at Wuhan Union 
Hospital, China. Postoperative pathological examinations 
revealed the presence of NEN (G2) measuring 3 cm 
× 3 cm in size, with penetration of the entire gastric 
wall, perineural invasion, occasional vascular cancer 
embolus, and (4/16) lymph node metastases. The 
immunohistochemical results were as follows: PCK(+), 

CK8/18(+), Syn(+), CgA(+), CD56(+), and Ki67 (LI:8%). 
During the follow-up and monitoring, gastrin and serum 
CgA levels were stable in the normal range. There was 
no sign of recurrence until August 29, 2016, when 
single-photon emission computerized tomography 
suggested multiple liver metastases. Considering the 
low tumor burden and asymptomatic behavior, the 
patient chose to postpone treatment until 2 months 
later. Between November 2016 and April 2017, the 
patient received octreotide acetate treatment monthly. 
Liver magnetic resonance imaging (MRI) in May 2017 
showed enlargement of liver metastases and emerging 
hepatic portal lymph node metastases. Biopsy of the liver 
lesion revealed NEN metastases (G2). The patient was 
treated with arterial embolization on May 11, 2017 and 
microwave ablation on May 22, 2017 and May 27, 2017 
to control liver metastases. MRI on August 2017 showed 
that liver metastases had partially shrunk, and hepatic 
portal lymph nodes were of the same size as the anterior 
one, in contrast to the image taken in July 2017. 

Personal and family medical history
A history of chronic viral hepatitis B; no other special 
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records.

Examinations and diagnosis at admission
Physical examination
Physical examination showed stable vital signs, 

no palpable superficial lymph node throughout the 
body, no significant abnormalities by cardiopulmonary 
auscultation, soft abdomen without tenderness, no 
palpable liver or spleen below ribs, normal bowel sounds, 
and negative digital rectal examination findings.

Auxiliary examination
I. Laboratory tests: Results of routine blood test, blood 

biochemistry, coagulation functions, and tumor markers 
showed no obvious abnormality.

II. Gastroscopy: An irregular ulcer lesion (measuring 
3.0 cm × 0.8 cm) at the posterior wall adjacent to the 
greater curvature of the junction of gastric sinus and 
body, and chronic non-atrophic gastritis.

III. Gastroscopic pathology: Presence of a gastric 
malignant tumor, with a suspicion of adenocarcinoma or 
NEN.

IV. Postoperative pathological examination: NEN (G2) 
measuring 3 cm × 3 cm in size, with penetration of the 
entire gastric wall, perineural invasion, occasional vascular 
cancer embolus, and (4/16) lymph node metastases. The 
immunohistochemical results were as follows: PCK(+), 
CK8/18(+), Syn(+), CgA(+), CD56(+), and Ki67 (LI:8%).

Diagnosis
I. Distal gastric well-differentiated NEN (G2), type III, 

with hepatic portal lymph node metastases.
II. Multiple liver metastases.

Process of treatment
In September 2017, the patient was treated with 

EDGE non-invasive radiosurgery, 800 cGy × 5F every 
other day, to treat hepatic portal lymph node metastases. 
Radiation target volume is shown in Fig. 1. The patient 
did not complain of any particular discomfort during the 
radiotherapy process.

Follow-up 
MRI in October 2017 showed that liver metastases 

and hepatic portal lymph nodes were the same size as the 
anterior one, in contrast with the image taken August 
2017. According to the Response Evaluation Criteria In 
Solid Tumors version 1.1 [1], the patient obtained a stable-
disease response (i.e., no signs of tumors observed in 
other sites of the body except the liver and hepatic portal 
lymph nodes).

8Ga-dotatate positron emission tomography-computed 
tomography taken in December 2017 revealed multiple 
liver nodules in low density without a high expression of 
somatostatin receptor; multiple peritoneal nodules, and 
with or without low expressions of somatostatin receptor, 

being inclined to metastases (Fig. 2). 
MRI in April 2018 showed that liver metastases 

enlarged, in contrast with the image taken October 2017; 
no apparently enlarged hepatic portal lymph nodes were 
observed (Fig. 3). 

Discussion

gNENs are a group of heterogeneous tumors arising 
from the endocrine cells of the stomach. gNENs 
have diverse clinical manifestations and extremely 
different outcomes that depend on the clinical subtype, 
pathological grade, tumor stage, and other factors [2]. Based 
on the WHO Classification of Tumors of the Digestive 
System, 4th edition [3], gNENs can be divided into well-
differentiated NENs (including G1 and G2) and poorly 
differentiated neuroendocrine carcinoma (NEC, G3). 
Mixed adenoneuroendocrine carcinomas (MANECs) and 
hyperplastic and preneoplastic lesions are special groups.

In addition to pathological typing and tumor staging, 
the clinical typing of gNENs is very important. Clinically, 
gNENs are classified into four types, which demonstrate 
various clinicopathologic features. Each type calls for 
different treatment strategies. 

Type 1 tumor appears as a small (< 1 cm), polypous, 
multifocal NEN in the gastric body in patients with 
autoimmune chronic atrophic gastritis. Type 2, which 
also develops multifocally, is associated with gastrinoma 
or a type 1 multiple endocrine neoplasm (MEN-1). Type 
3 is a solitary sporadic NENd and has normal gastrin level 
and normal gastric acid secretion. Type 4 covers solitary 
sporadic NEC, including poorly differentiated gNEC and 
MANEC [4]. 

Type 3 gNENs account for 14%–25% of gNENS. 
Patients belonging to type 3 show no manifestation 
of atrophic gastritis, no elevated gastrin levels, no ECL 
cell proliferation, or gastrinoma/MEN-1. Tumors arise 
solitarily in polypoid or ulcered appearance, and in most 
cases, the lesions are > 2 cm in diameter, which can be 
observed in any part of the stomach. The histopathology 
corresponds to mostly NEN G2 or G3 and sometimes to 
NEN G1. More than 50% of patients with type 3 have 
metastasized at the time of diagnosis with a relatively 
poor prognosis compared to Type 1 and Type 2. 

For Type 3 gNENs in the localized phase, the treatment 
strategy is similar to that for gastric adenocarcinoma. 
Partial or total gastrectomy plus lymph node dissection 
is recommended; if the tumor is ≤ 2 cm, endoscopic 
resection or wedge resection of the stomach may also be 
feasible. For patients with distant metastasis, somatostatin 
analog (SSA) is preferred [5–6]. Octreotide and lanreotide 
are most commonly used SSA in clinical practice and 
have relatively mild toxicities and good tolerance. 
Additionally, everolimus can be considered after SSA 
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treatment failure. The RADIANT-4 study showed that 
everolimus lengthened progression-free survival of 
patients with advanced gastrointestinal and pulmonary 
NENs [7]. Cytotoxic chemotherapy may be applied if no 
other options are available, especially for patients with 
highly proliferative NEN (NEN G3) [8]. 

With respect to hepatic-predominant disease, 
locoregional interferences, such as arterial embolization, 
hepatic chemoembolization, hepatic radioembolization, 
or cytoreductive surgery/ablative, are also recommended 
[9–10]. However, for local lymph node metastasis, the 
locoregional therapy is hindered. It is well known that 
conventional radiotherapy is not widely performed for 
treating well-differentiated NENs owing to their radiation 
resistance. Therefore, we adopted hyperfractionated 
radiotherapy, EDGE non-invasive radiosurgery, for the 
treatment of well-differentiated NEN. As a result, the 
metastatic hepatic portal lymph nodes disappeared three 
months after the EDGE non-invasive radiosurgery, with 
no signs of recurrence seven months after EDGE non-
invasive radiosurgery. Therefore, hyperfractionated 
radiotherapy might be an alternative treatment for local 
metastatic nodes.

Fig. 1 Radiation target volume of EDGE non-invasive radiosurgery targeting metastatic hepatic portal lymph nodes

Fig. 2 8Ga-dotatate PET/CT taken December 2017. Multiple peritoneal 
nodules, with or without low expression of somatostatin receptor; no 
abnormal retroperitoneal lymph nodes with concentrated 8Ga-dotatate 
intake

Fig. 3 MRI taken April 2018. No apparently enlarged hepatic portal lymph nodes were observed
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Solid pseudopapillary neoplasm (SPN) is a rare indolent pancreatic neoplasm that occurs mostly in females. 
Although the malignancy potential is quite limited for SPN, these tumors can sometimes be aggressive 
and lead to inferior prognosis for male patients. In this case report, we present a special case of a male 
patient with SPN who experienced an aggressive tumor expansion after two surgical resections. For further 
treatment, we decided to administer chemotherapy with apatinib and S-1, and subsequent CT/MRI tumor 
monitoring indicated satisfactory control of tumor expansion. The effectiveness of apatinib plus the S-1 
regimen should be tested for more patients with SPN in the future.
Key words: solid pseudopapillary neoplasm; apatinib; S1; chemotherapy

Abstract

Solid pseudopapillary neoplasm (SPN) is a rare 
indolent pancreatic neoplasm that mainly occurs in 
female patients. It was first described by Frantz as a 
distinct disease in 1959. Generally, surgical resection 
is the first choice for SPN treatment, and post-surgical 
prognosis is excellent. However, reports have shown that 
in some male patients, SPN presents aggressive behavior 
and leads to inferior prognoses. In this case, we present a 
male patient with SPN who experienced local progressive 
disease after two surgical treatments. Then, apatinib plus 
S-1 chemotherapy was administered, which achieved 
satisfactory tumor control. This is the first report of 
a patient with aggressive SPN who was treated with 
apatinib plus S-1 chemotherapy.

Case report 

The patient was a 54-year-old male who incidentally 
found a solid mass located in the epigastric region during 
a routine health examination. He received his first surgery 

on November 24th, 2013. The surgical inspection showed 
that the solid mass was 15 cm in diameter and surrounded 
the tail of pancreas, pushing spleen posteriorly and the left 
colic flexure downward. No signs of spleen vasculature 
were seen. However, the tumor had severe adhesion with 
the retroperitoneum (Fig. 1a). Subsequent pathological 
inspections confirmed the diagnosis of solid pseudo 
papillary neoplasm (Fig. 2a). Histochemistry profiling 
demonstrated that the tumor possessed CD56+, CD10+, 
beta-catenin nuclear/ plasma+, PR +, Syn + partial, CgA–, 
PCK– , CK8/18–, EMA–, Ki-67LI 3% (Fig. 2b). The patient 
was discharged after surgery. In February 2017, the patient 
revisited our hospital after three days of abdominal pain. 
His MR scanning report showed multiple solid masses 
in his peritoneal cavity and retroperitoneum. Multiple 
circular long T2 signals were identified on the right lobe 
of his liver (Fig. 1b). For further treatment, the patient 
received secondary surgical resection of the pancreas 
body, spleen, omentum majus, left half transverse colon, 
left colic flexure, part of escend colon, and tumor mass. 
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The surgical inspection indicated that the tumor was 
mainly located in the body of pancreas, closely attached 
to posterior wall of the stomach. The tumor was also 
found at the antrum of the spleen, sulcus of sigmoid 
colon, proximity of gall bladder, surface of right renal 
fascia, and omentum majus. The subsequent pathological 
diagnosis confirmed that the tumor was also a solid 
pseudo papillary neoplasm. Histochemistry indicated that 
the mass was PCK–, VIM+, CD10+, CYCLIN D1+, PR+, 
SYN+, BETA CATENIN+, KI67 5%–10%. After surgery, 
the disease was reevaluated by CT scan in April 2017, 

and no evidence of disease progression was found (Fig. 
1c). Four months later, another CT/MR scan detected a 
tumor at the bladder rectal space, right groin, and rectus 
abdominus (Fig. 3a). Considering the local progressive 
disease status, the patient was given two cycles of 
apatinib plus S-1 chemotherapy on November 5th, 2017. 
The MR scan on December 15th, 2017 showed significant 
reduction of the tumor in the proximity of the bladder 
rectal space (Fig. 3b). The patient’s status was considered 
PR afterwards, and the patient continued receiving 
six cycles of chemotherapy. A serial MR scanning re-
evaluation was performed every two months during 
the third-sixth cycles of chemotherapy (February and 
April 2018), and the reports demonstrated continuous 
size reduction of the metastatic tumor (Fig. 3c and Fig. 
3d). The tumor was well controlled; and throughout 
chemotherapy, there was no significant adverse effects. 
The patient is currently under his seventh and eights 
cycles of apatinib plus S-1 chemotherapy.

Discussion

Solid pseudo-papillary neoplasm (SPN) is a rare 
pancreatic tumor that accounts for only 1%–2% of 
pancreatic neoplasms[1]. Generally, clinical reports 
worldwide indicate that SPN is an indolent tumor with 
limited malignant potential. However, several aggressive 
SPN cases have been reported to present local recurrence 
and metastasis [2]. Current investigations on SPN 
pathogenesis have shown obscure findings, since SPN 
tends to occur in female patients (> 85% of total cases)
[3], researchers have speculated that SPN could originate 
from genital ridges during organogenesis [4]. SPNs are 
usually large, soft solitary ovoid tumors that are well 
circumscribed by surround tissues [5]. Histologically, SPNs 
commonly consist of solid sheets of neoplastic cells that 
surround blood vessels and presents a pseudo-papillary 
appearance [5]. Through microscopic inspection, SPN cells 
always extend into the surrounding normal pancreatic 
parenchyma and sometimes exhibit calcification 
formation. However, vascular and perineural invasion 
are quite rare. Histochemical staining of SPN often show 

Fig. 1 (a) Pancreatic tumor CT scan image before first surgery in 2013; (b) MRI image of recurrent pancreatic SPN before second surgery in 2017; 
(c) CT scan image for disease re-evaluation after second surgery in April 2017

Fig. 2 (a) Histologic study of tumor tissue demonstrated typical SPN 
pathological pattern; (b) Pathological histochemistry profiling of tumor

Fig. 3 (a) Pelvic MRI image of metastatic SPN before apatinib + 
getafur treatment in July 2017; (b) Pelvic MRI image of metastatic SPN 
after 1 month of apatinib + getafur regimen in December 2017; (c) Pelvic 
MRI image of metastatic SPN after 3 month of apatinib + getafur regimen 
in February 2018; (d)Pelvic MRI image of metastatic SPN after 5 month of 
apatinib + getafur regimen in April 2018
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positivity for vimentin, CD10, neuron-specific enolase, 
progesterone receptors, CD56, alpha-1-antitrypsin, and 
alpha-1-antichymotrypsin, with the latter two stains 
showing patchy but intense positivity in areas of hyaline 
globules. A CT/MR scan is the main imaging diagnostic 
tool for patients with SPN. SPNs are typically hypo-
attenuated on unenhanced images and remain hypo-
attenuated during pancreatic and portal venous phases. 
Calcification is commonly seen in the tumor periphery. 
Compared with CT, MR scanning is quite suitable for 
identifying intra-tumor hemorrhages, which are a 
feature of SPN. For SPN treatment, surgical resection is 
the standard treatment for SPT and is usually associated 
with good prognosis, while a small portion of SPNs 
with aggressive behavior are associated with inferior 
prognosis. For this aggressive type of SPN, no suitable 
chemotherapeutic strategies have been proposed.

Apatinib, which is also known as AiTan or Rivoceranib, 
is a novel selective small molecule VEGFR-2 tyrosine 
kinase inhibitor [6]. It is the second anti-angiogenic drug 
to be approved in China for the treatment of advanced 
metastatic gastric cancer [7]. Several in vivo experiments 
have indicated that apatinib in combination of traditional 
chemotherapeutic drugs showed dose-dependent tumor 
inhibitive effects in several xenograft models [6]. Current 
randomized, double-blinded, multicenter, phase 2 and 
phase 3 trials of Chinese patients with advanced or 
metastatic gastric cancer or GEA demonstrated that oral 
apatinib significantly prolonged median PFS and OS and 
had a manageable safety profile [8]. However, up till now, 
there have been no reports of the application of apatinib 
to pancreatic tumors.

In this case, the patient received eight cycles of 
apatinib+S-1 chemotherapy and achieved satisfactory 
tumor control, as determined by a CT/MR reevaluation 
one year after the second surgical treatment. The 
regimen was effective for this aggressive type of SPN, 
was conveniently orally administered, with acceptable 

chemotherapeutic adverse effects, and offered a high 
quality of life for the patient with a tumor. Apatinib plus 
S-1 should be validated in large scale clinical trials to 
determine whether this therapy should be recommended 
for SPN treatment.
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Updates in version 2.2018 of the 
NCCN guidelines for pancreatic 
adenocarcinoma from version 1.2018

MS-1
The Discussion section has been updated to reflect the 

changes in the algorithm.

Updates in version 1.2018 of the 
NCCN guidelines for pancreatic 
adenocarcinoma from version 3.2017

General
Changed “narcotic” to “analgesic.”
Changed “Locally Advanced Unresectable” to “Locally 

Advanced.”

PANC-1 
Workup recommendations have been significantly 

revised and former PANC-2 was removed. 
The following options have been added to the workup:
If no metastatic disease: “Consider genetic counseling 

and germline testing if diagnosis confirmed.”
If metastatic disease: “Consider genetic counseling and 

germline testing.”
Footnote “a” revised: “Multidisciplinary review 

should ideally involve expertise from diagnostic imaging, 
interventional endoscopy, medical oncology, radiation 
oncology, surgery, and pathology, geriatric medicine, and 
palliative care. Consider consultation with a registered 
dietitian. See NCCN Guidelines for Older Adult Oncology, 
and NCCN Guidelines for Palliative Care.”

Footnote “d” added: “PET/CT scan may be considered 

after formal pancreatic CT protocol in high-risk patients 
to detect extra pancreatic metastases. It is not a substitute 
for high-quality, contrast-enhanced CT. See Principles of 
Diagnosis, Imaging, and Staging (PANC-A).”

Footnote “e” added for stent: “Plastic stent or consider 
covered metal stent, if clinically indicated.”

Footnote “f” revised: ERCP = endoscopic retrograde 
cholangiopancreatography; PTC = percutaneous 
transhepatic cholangiography.

Footnote “g” revised: “ Consider germline testing for 
patients with a personal history of cancer, a family history 
of pancreatic cancer, or if there is a clinical suspicion of 
inherited susceptibility. See Discussion and see NCCN 
Guidelines for Genetic/Familiar High Risk Assessment: 
Breast and Ovarian.”

PANC-2
Option added for those with resectable disease: 

“Consider neoadjuvant therapy in high-risk patients, 
clinical trial preferred.”

Follow-up recommendations added after neoadjvuant 
therapy: “Repeat pancreatic protocol CT or MRI; Repeat 
chest/pelvic CT; Post-treatment CA 19-9; Consider stent 
if clinically indicated.”

Footnote “h” added: “If not previously done, consider 
germline testing for patients with a personal history of 
cancer, a family history of pancreatic cancer, or if there 
is a clinical suspicion of inherited susceptibility. See 
Discussion and see NCCN Guidelines for Genetic/Familial 
High Risk Assessment: Breast and Ovarian.”

Footnote “n” revised: “There is limited evidence to 
recommend specific neoadjuvant regimens off-study, and 
practices vary with regard to the use of chemotherapy 
and chemoradiation. See PANC-G for acceptable 
neoadjuvant options. Subsequent chemoradiation is 
sometimes included (see PANC-F). Most NCCN Member 

Updates of the NCCN guidelines for 
pancreatic adenocarcinoma
Liu Huang ()

Department of Oncology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology,  
Wuhan 430030, China

 Correspondence to: Liu Huang. Email: huangliu017@163.com
© 2018 Huazhong University of Science and Technology

GUIDELINE OBSERVATION



223Oncol Transl Med, October 2018, Vol. 4, No. 5

Institutions prefer neoadjuvant therapy at or coordinated 
through a high-volume center.”

Footnote “k” added: “Stent placement is not routinely 
recommended prior to planned surgery; however, stent 
may be considered for symptoms of cholangitis/fever or if 
surgery is being delayed for any reason. Stent should only 
be placed if tissue diagnosis is confirmed.”

Footnote “l” added: “High-risk features include 
imaging findings, very highly elevated CA 19-9, large 
primary tumors, large regional lymph nodes, excessive 
weight loss, extreme pain.”

PANC-3
Revised imaging recommendations after neoadjuvant 

therapy for consistency: “Pancreatic protocol CT or MRI 
(abdomen); Chest/pelvic CT”.

Footnote “s” added: “Core biopsy recommended, if 
possible, to obtain adequate tissue for possible ancillary 
studies.”

PANC-4
Baseline pretreatment imaging revised: “Pancreas 

protocol CT (abdomen) and chest/pelvic CT”
Surveillance timing revised: “...every 3–6 mo for 2 

years, then every 6–12 mo as clinically indicated.”
Surveillance imaging revised: “Consider CT (chest, 

abdomen, pelvis) with contrast (category 2B)”
Footnote “t” revised: “Adjuvant treatment should be 

administered to patients who have adequately recovered 
from surgery; treatment should...”

PANC-5
The following recommendation was moved from 

the footnotes to the Workup algorithm: “Consider 
microsatellite instability (MSI) testing and/or mismatch 
repair (MMR) testing on available tumor tissue (category 
2B).” (also on PANC-7).

Stent recommendation revised for those with 
confirmed adenocarcinoma: “If jaundice, placement of 
self-expanding metal stent preferably via ERCP.”

Footnote “y” revised: “EUS- guided FNA and core 
biopsy at a center with multidisciplinary expertise is 
preferred. When EUS-guided biopsy is not feasible, CT-
guided biopsy can be done.”

PANC-6
Revised first-line therapy for patients with poor 

performance status (PS): “Palliative and best supportive 
care and Consider single-agent chemotherapy or palliative 
RT.” (Also on PANC-7).

For patients with good PS and disease progression, 
removed separate pathways for those previously treated 
with gemcitabine- versus fluoropyrimidine-based therapy. 
Refer to the Principles of Chemotherapy (PANC-G) for 

details about chemotherapy recommendations based on 
prior therapy. (Also on PANC-7).

Added second-line therapy options for those with 
poor PS and disease progression after first-line therapy: 
“Palliative and best supportive care and Consider single-
agent chemotherapy or palliative RT.” (Also PANC-7).

Added second-line therapy options for those with good 
PS and disease response after first-line therapy: “Consider 
resection, if feasible or Observe or Clinical trial.” If 
surgery is done, adjuvant therapy is recommended, if 
clinically indicated. 

Added SBRT as an option for patients with good PS 
and disease progression after first-line therapy, if not 
previously given and if primary site is the sole site of 
progression. 

Following second-line therapy for those with disease 
progression, changed “poor PS” to “declining PS.”

Footnote “z” revised: “Defined as ECOG 0-1, with good 
biliary drainage and adequate nutritional intake, and 
ECOG 0-2 if considering gemcitabine + albumin-bound 
paclitaxel.”

Footnote “aa” revised: “Serial imaging as indicated 
to assess disease response. See Principles of Diagnosis, 
Imaging, and Staging #10 (PANC-A).”

Updated reference in footnote “dd”: Hammel P, Huguet 
F, van Laethem JL, et al. Effect of chemoradiotherapy 
vs chemotherapy on survival in patients with locally 
advanced pancreatic cancer controlled after 4 months 
of gemcitabine with or without erlotinib: The LAP07 
randomized clinical trial. Jama 2016; 315(17):1844-1853. 
(Also PANC-G).

Footnotes removed:
“Patients with a significant response to therapy may be 

considered for surgical resection.”
“Best reserved for patients who maintain a good 

performance status.”

PANC-8
Changed the heading from “Second-line Therapy” to 

“Recurrence Therapy.”
For local recurrence in the pancreas only, added 

recommendations for multidisciplinary review. 
For recurrence in the pancreatic bed:
Added the following to the systemic chemotherapy 

option: “(See options below for ≥6 or <6 mo from 
completion of primary therapy)”.

Removed the following option: “Consider induction 
chemotherapy followed by SBRT (if RT not previously 
done)” (Also on PANC-F, 6 of 9).

Revised the following options for recurrence ≥6 mo 
from completion of primary therapy:

“Repeat systemic therapy as previously administered”; 
“Systemic therapy not previously used”.

Revised the following options for recurrence less than 
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6 mo from completion of primary therapy:
“Switch to gemcitabine-based systemic chemotherapy 

(if fluoropyrimidine-based therapy previously 
used)”; “Switch to fluoropyrimidine-based systemic 
chemotherapy (if gemcitabine-based therapy previously 
used)”.

PANC-A (1 of 8)
#3: 
Clarified “...dedicated pancreatic CT of abdomen 

(preferred)...”
Removed bullet: “MR cholangiopancreatography 

(MRCP) without IV contrast should not be utilized in 
the staging of pancreatic cancer, except in cases of renal 
failure or other contraindications to administration of 
gadolinium intravenous contrast.”

PANC-B
Bullet removed under Arterial for Unresectable disease 

in the Head/uncinate process: “Solid tumor contact with 
the first jejunal SMA branch.”

PANC-C (1 of 2)
First three paragraphs have been added. Content 

regarding frozen section analysis of the pancreatic neck 
and bile duct was moved to this section from PANC-D. 

Under Whipple technique, the last line of the second 
bullet has been revised: “Data support an aggressive 
approach to partial or complete vein excision if tumor 
infiltration is suspected. 

PANC-C (2 of 2)
Heading revised: “Distal pancreatectomy with en-bloc 

splenectomy”
Line added: “Plane of dissection anterior to adrenal 

gland or en bloc resection of left adrenal gland with plane 
of dissection posterior to Gerota’s fascia recommended as 
clinically indicated.” 

New section added on the management of neck lesions 
with the following references:

Hirono S, Kawai M, Okada K, et al. Pancreatic neck 
cancer has specific and oncologic characteristics regarding 
portal vein invasion and lymph node metastasis. Surgery, 
2016, 159 (2): 426–440. 

Strasberg SM, Sanchez LA, Hawkins WG, et al. 
Resection of tumors of the neck of the pancreas with 
venous invasion: the “Whipple at the Splenic Artery 
(WATSA)” procedure. J Gastrointest Surg, 2012, 16: 
1048–1054. 

PANC-D (1 of 4)
Under Margins, in the fifth and sixth sub-bullets, 

revised: “...true margins facing up down so that the initial 
section into the block...” (Also on PANC-D, 2 of 4 under 

distal pancreatectomy margins).

PANC-E
Added recommendations for treatment of bleeding 

from the primary tumor site.

PANC-G
5-FU/cisplatin + concurrent RT has been removed from 

the chemoradiation options for neoadjuvant therapy, 
adjuvant therapy, first-line therapy for locally advanced, 
second-line and subsequent therapy for locally advanced, 
metastatic, and recurrent disease.

Everywhere gemcitabine + cisplatin is included as an 
option, the indications have been changed to: “(Only for 
known BRCA1/2 mutations).” 

PANC-G (1 of 6)
Added to General Principles: “To optimize the care 

of older adults, see NCCN Guidelines for Older Adult 
Oncology.”

Revised the following neoadjuvant therapy 
recommendation: “If neoadjuvant therapy is 
recommended , treatment with at or coordinated through 
a high-volume center is preferred, when feasible.” 

PANC-G (3 of 6)
Footnote “f” added and revised: “FOLFIRINOX should 

be limited to those with ECOG 0-1. Gemcitabine + 
albumin-bound paclitaxel is reasonable for patients with 
ECOG 0-2. 5-FU + leucovorin + liposomal irinotecan is 
a reasonable second-line option for patients with ECOG 
0-2.”

PANC-G (4 of 6)
Clarified the “preferred options” for metastatic disease 

versus the “other options.”

PANC-G (5 of 6)
Added 5-FU + leucovorin + irinotecan (FOLFIRI) 

as a second-line therapy option for patients previously 
treatment with gemcitabine-based therapy if locally 
advanced/metastatic disease and good performance status. 

Recommendations for recurrent disease have been 
revised to reflect the changes in the algorithm on PANC-
8.

Second-line therapy options have been added for those 
with poor performance status. 

ST-1
Staging tables have been updated based on the AJCC 

8th edition.
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CERV-1
Workup 
Ninth bullet: Revised to “Consider examination 

under anesthesia (EUA) cystoscopy...”. Previously this 
recommendation was listed as “optional.”

“Consider options for fertility sparing” was added.

CERV-2
Primary treatment (Fertility Sparing)
Stage IA1 with LVSI and Stage IA2: For both treatment 

recommendations, “± para-aortic lymph node sampling 
(category 2B)” was removed. The same change was also 
made under Non-Fertility Sparing recommendations for 
Stage IA1 with LVSI and Stage IA2 on CERV-3.

Stage IB1: Revised as, “... ± para-aortic lymph node 
dissection.” Also for CERV-4 under the non-fertility 
sparing options. Same changes made for all stages under 
Non-Fertility Sparing treatment options on CERV-4.

Footnote “g” is new: “Consultation with reproductive 
endocrinology fertility experts is suggested.”

CERV-5
Negative nodes, negative margins, negative 

parametrium: Revised, “Pelvic EBRT if combination of 
risk factors...”

Para-aortic lymph node positive by surgical staging; 
Imaging workup for maetastatic disease: Revised, “ 
Extended-field EBRT + concurrent cisplatin-containing 
chemotherapy ± brachytherapy.”

Footnote removed: “Patients undergoing trachelectomy 
with high-risk pathologic features meeting Sedlis criteria 
and/or with positive nodes and/or positive parametrium 
are no longer candidates for fertility sparing uterine 
preservation for fertility.”

CERV-7
Footnote u: New reference added, Kim JY, Kim JY, Kim 

JH, et al. Curative chemoradiotherapy in patients with 
stage IVB cervical cancer presenting with paraortic and 
left supraclavicular lymph node metastases. Int J Radiat 
Oncol Biol Phys 2012, 84: 741–747.

CERV-9 
Negative margins; negative imaging: New pathway 

added for “Optional if Sedlis criteria not met on 
hysterectomy specimen” was added.

CERV-10
Surveillance; Last bullet: Hormone replacement 

therapy added as part of sexual health patient education.

CERV-B principles of evaluation and 
surgical staging

Revisions made throughout this section for clarity.

1 of 7
Third bullet revised: “...conventional or robotic 

techniques. However, given recently presented findings 
of significantly poorer survival outcomes with the 
laparoscopic approach compared to the open approach in 
a randomized controlled trial of women with early-stage 
cervical cancer, women should be carefully counseled 
about the risks and benefits of the different surgical 
approaches until more data become available. The 
Querleu and Morrow classification system...”

New bullet added: “Para-aortic lymph node dissection 
for staging is typically done to the level of the inferior 
mesenteric artery (IMA). The cephalad extent of 
dissection can be modified based on clinical and radiologic 
findings.”

Updates in version 1.2019 of the NCCN guidelines for 
cervical cancer from version 1.2018
Liu Huang ()

Department of Oncology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology,  
Wuhan 430030, China

 Correspondence to: Liu Huang. Email: huangliu017@163.com
© 2018 Huazhong University of Science and Technology

GUIDELINE OBSERVATION



227Oncol Transl Med, October 2018, Vol. 4, No. 5

7 of 7
Two new references were added: 
Ramirez PT, Frumovitz M, Pareja R, et al. Phase 

III randomized trial of laparoscopic or robotic versus 
abdominal hysterectomy in patients with early-stage 
cervical cancer: LACC Trial. Society of Gynecologic 
Oncology Annual Metting on Women’s Cancer; New 
Orleans 2018.

Margul DJ, Yang J, Seagle BL, et al. Outcomes and costs 
of open, robotic, and laparoscopic radical hysterectomy 
for stage IB1 cervical cancer. J Clin Oncol, 2018, 36 
(suppl; abstr 5502).

CERV-C principles of radiation therapy
Revisions made throughout this section for clarity.

1 of 5
External Beam Radiation Therapy: New bullet added: 

“Parametrial boosting should be considered in select 
cases with bulky parametrial/pelvic side wall disease after 
completion of initial whole pelvic radiation.”

CERV-E systemic therapy regimens
Chemoradiation (preferred regimens): “Carboplatin if 

patient is cisplatin intolerant” was added as an option.
First-line Combination Therapy for Recurrent or 

Metastatic Disease: “Cisplatin/gemcitabine (category 3)” 
was removed as an option.

DOI 10.1007/s10330-018-0295-5
Cite this article as: Huang L. Updates in version 1.2019 of the NCCN 
guidelines for cervical cancer from version 1.2018. Oncol Transl Med, 
2018, 4: 226–227.
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Erratum to:

Recurrent ascites due to spontaneous intraperitoneal 
bladder rupture after pelvic radiation therapy for 
cervical cancer

Retraction: Shen Q, Yin YP, Zhang LH, et al. Recurrent ascites due to spontaneous intraperitoneal bladder rupture 
after pelvic radiation therapy for cervical cancer. Oncol Transl Med, 2018, 4: 124–127. DOI 10.1007/s10330-018-0275-
5
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