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Introduction
Nasopharyngeal Carcinoma (NPC) is one of most commonly seen malignant tumors in head 

and neck, epidemically in Southeast Asia, particularly in southern China. IMRT has already been 
main modality for treatment of NPC, with its unique technique used in radiation therapy for NPC 
the Disease Free Survival (DFS) has increased by an extent of 12.4%, and the 5-year overall survival 
has even been 80%, compared with era of 2-dimensional radiation therapy [1]. Nevertheless, while 
gaining benefits the employment of radiation therapy also produces a number of side-effects on the 
surrounding organs where treatment beam is involved, since specific dose to these organs causes 
more or less injuries to normal tissues even though the accuracy of treatment dose is assured.

Among all these side-effects hearing loss is listed as one of major complications which 
constitute a threat to patients’ quality of life after radiotherapy, it comprises Sensorineural Hearing 
Loss (SNHL), Conductive Hearing Loss (CHL) and both of them [2]. For NPC patients, while a 
satisfactory disease control is obtained, these complications induced by radiation therapy have 
gradually become the main concerns, to which we are required to pay more attention. Bhandare 
N et al. [3] initially studied the relationship between incidence of SNHL and high dose radiated to 
cochlea, some other authors thereafter explored the possible ways on how to preserve the hearing 
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apparatus during radiation therapy [4,5].

With popularity of IMRT employed in cancer treatment, it 
does not only improve local control with curative purpose, but also 
makes it possible to preserve the surrounding organs and tissues 
with its intensity modulating features [6]. Due to anatomic space 
and irregular invasion of nasopharyngeal cancer the tumor is usually 
very close to the ipsilateral or even contralateral cochlea [7,8], on the 
other hand, for radical treatment purpose different dose is needed in 
order to treat the tumor in nasopharynx, which may have different 
characteristic in its volume and shape, and its relative spatial relation 
to ipsilateral or contralateral cochlea [9,10].

In accordance with Quantitative Analyses of Normal Tissue 
Effects in the Clinic (QUANTEC) it is suggested that dose radiated 
to the cochlea should be less than 45 Gy so that better preservation 
of hearing function is acquired [11]. In our former report we studied 
a stratified scheme of sparing cochlea based on T stage and it 
demonstrated that the cochlea-sparing radiation plan was applicable 
and practical for both radiation doctors and physicists, in addition, we 
also found that even with a stage T4 case it was still possible to spare 
contralateral cochlea as the curve of isodose 45 Gy was not involved 
in the contralateral cochlea, even though the ipsilateral cochlea could 
not be spared [12]. The feasibility of cochlea sparing may depend 
on not only the feature of tumor and factors related to treatment, 
but also the inherent structure adjacent to the tumor in individual 
patient, based on this, in this study we further tried to investigate 
factors related to dose radiated to cochlea, including clinical T stage, 
GTV volume, PGTV dose and GTV-cochlea distance (G-C distance), 
in order to help physicists and radiation doctors communicate more 
effectively in making judgment whether or not the specific cochlea 
could be spared.

Methods
Inclusion criteria

1) diagnosis was confirmed by nasopharyngeal biopsy; 2) patients 
were treated with IMRT technology, both cochlea sparing plan 
(C-Plan) and non-cochlea sparing plan (R-Plan) were designed in our 
study group; 3) clinical data and follow-up information was collected 
for further study; 4) all patients were informed with their consent 
prior to inclusion in the study.

Study cases information: during April 2016 to April 2018 fifty 
one cases of nasopharyngeal carcinoma patients with 102 cochleas 
were enrolled, with its clinical T stage, GTV volume, G-C distance 
and PGTV dose was recorded. The basic information is shown in 
(Table1).

Radiation therapy protocols: PGTVnx was obtained with a 
margin of 3 mm to 5mm from GTVnx which was defined as the visible 
tumor and whole membrane in nasopharynx on CT or MRI images, 
PCTV1 was obtained with a margin of 3 mm from CTV1 which 
covered nasopharynx and high-risk local structures, and PCTV2 was 
obtained with a margin of 3 mm from CTV2 which covered low-
risk local structures and prophylactic area of lymph nodes. The dose 
prescriptions were described as follows: a total dose of 66 Gy to 74 Gy 
in 30 to 33 fractions at 2.12 to 2.25 Gy/fraction to the planning gross 
target volume (PGTVnx) of the primary GTV, 60 Gy to the PCTV1 
of CTV1 which is high-risk regions in NPC, and 54 Gy to the PCTV2 
of CTV2 which is relatively low-risk regions in NPC, and 60 Gy to 70 
Gy to the PGTVnd of nodes in neck.

In our practice we try to reduce the dose to cochlea to protect its 
function, it includes situation as follows: i) for a stage T1 or T2, when 
the tumor is still small and “far” from cochlea, the isodose curve of 

Figure 1: A) Hearing apparatus delineation in cochlea sparing plan (C-Plan) for NPC. B) The illustration of G-C distance measurement. C) Comparison of dose 
distribution in target volume between R-Plan and C-Plan.
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45 Gy dose does not intrude cochlea area, so it is easy to make the 
dose of cochlea under 45 Gy, we can reach a goal of dose limit as low 
as possible by delicate contouring and planning design; ii) for a stage 
T3 or T4, or a large tumor volume and “near” to cochlea, accordingly 
the isodose curve of 45 Gy intrudes cochlea area, we can reach a goal 
of limiting high dose at certain volume inside cochlea by delicate 
contouring and planning design in order to reduce the mean dose 
of cochlea; iii) for T4 stage, cochlea is already encircled by PTV, we 
can set maximal dose under percentage of prescribed dose, like Dmax 
<103% PGTV dose, and/or upgrade protection weight of cochlea 
to the same level as salivary glands on the condition of best tumor 
control and other OARs preserved, and/or slightly change beam angle 
at the extent of ± 5 degree; iv) for T4 stage, even if ipsilateral cochlea is 
encircled by PTV, so unable to preserve it, but it is still able to protect 
contralateral cochlea as situation in T2, T3 stage.

About delineation of cochlea in C-Plan and R-Plan: some 
essential technical in delineating cochlea include in details as follows: 
a) CT scanning with a slice thickness and slice increment of 2.5 
mm; b) appropriate bone window of 1600 and bone level of 450; c) 
identifying cochlea by comparing its surrounding structures such as 
vestibule, internal auditory canal, eustachian, and tympanic cavity. 
An example of hearing apparatus delineation in cochlea sparing plan 
(C-Plan) for NPC is shown in Figure 1A.

G-C distance measurement: we used the MEASURE tool in the 
menu of Varian Eclipse TPS system, to measure the distance between 
the margin of GTV and cochlea on every slice of treatment planning 
where there appeared both GTV and cochlea and to select the shortest 
one as G-C distance in our study. The illustration of G-C distance 
measurement is shown in Figure 1B.

Statistical analysis
SPSS19.0 software was applied to analyze the data; the chi-test 

was used to compare the effect on the possibility of reducing the dose 
to be under 45 Gy to cochlea in C-Plan group versus R-Plan group. 
Univariate analysis and multivariate analysis were used to analyze the 
correlation between cochlear dose and clinical T stage, GTV volume, 
G-C distance and PGTV dose. The ROC curve was applied to analyze 
thresholds; the optimal threshold value was calculated by YOUDEN. 
The threshold for statistical significance was set at p<0.05.

Results
Comparison of cochlea dose under 45 Gy in C-Plan vs. 
R-Plan

Comparison of effect of C-Plan versus R-Plan on possibility of 
cochlea dose being under 45 Gy is shown in Table 2, and comparison 
of dose distribution in target volume between R-Plan and C-Plan is 
shown in Figure 1C.

Univariate analysis on the correlation between cochlea 
dose and clinical T stage, GTV volume, G-C distance and 
PGTV dose

The result of analysis is shown in Table 3.

Multivariate analysis was employed on the correlation 
between cochlear dose and clinical T stage, GTV volume, 
G-C distance and PGTV dose

The result of multivariate analysis is shown in Table 4.

ROC analysis was used to predict the potential threshold of 
G-C distance for possible cochlea dose being under 45 Gy. For G-C 

distance the area under the ROC curve was 0.827, the threshold 
of G-C distance for possible cochlea sparing was 15.3 mm, with 
sensitivity being 83.3%, specificity being 54.2%. The ROC analysis is 
shown in Figure 2.

Discussion
Radiation therapy is the main modality in the treatment of 

nasopharyngeal carcinoma, while patients benefit from radiotherapy 
they are also at risk of radiation-induced hearing injuries. Apparently 
hearing function is essential to quality of life for NPC patients, thus it 
is a critical task to obtain both cochlea sparing and best tumor control 
during the treatment planning process, and also it has been under 
research regarding the ways on how to limit radiation dose to cochlea. 
Some literature reported that the higher dose irradiated to cochlea was 
associated with the severer injures to the hearing function [13,14]. Lee 

Variable Parameter Notes

Cochlea dose (cGy) 4837.44 ± 979.78 X ± s, N=102

G-C distance (mm) 19.26 ± 13.75 X ± s, N=102

T stage n(%), N=51

T1 7(13.73)

T2 11(21.57)

T3 23(45.10)

T4 10(19.61)

GTV volume (cm3) 42.55 ± 30.06 X ± s, N=51

PGTV dose (cGy) 6993.00 ± 223.00 X ± s, N=51

Table 1: Characteristic of T stage, GTV volume and PGTV dose in 51 cases of 
NPC patients with cochlea dose and G-C distance in 102 cochleas.

Group
cochlea dose

X2 P
<45 Gy ≥ 45 Gy

C-Plan 49 53
6.66 0

R-Plan 31 71

Table 2:  Comparison of cochlea dose below or not below 45 Gy between C-Plan 
and R-Plan.

Variables Cochlea dose (Dm)

GTV volume 0.585**

G-C distance -0.698**

PGTV dose 0.526**

T stage 0.598**

Table 3: Analysis of correlation between cochlea dose and GTV volume, G-C 
distance, PGTV dose and T stage.

Category B S.E Wals Sig. Exp (B)
EXP(B) 95% CI

LSL USL

T stage   T1 1.854 0.603
2 -0.42 1.22 0.118 0.731 0.657 0.06 7.189

T3 -0.473 1.465 0.104 0.747 0.623 0.035 11.004

T4 1.248 2.044 0.373 0.541 3.484 0.063 191.198

GTV volume 0.004 0.019 0.041 0.839 1.004 0.967 1.042

G-C distance -0.108 0.035 9.59 0.002 0.898 0.839 0.961

PGTV dose 0.273 0.222 1.506 0.22 1.313 0.85 2.029

Table 4: Logistic analysis of T stage, GTV volume, G-C distance and PGTV 
dose.
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TF et al. [15] reported that according to Normal Tissue Complication 
Probability (NTCP), in order to avoid 50% incidence of audiological 
complications the mean dose to cochlea should be constrained below 
46 Gy, and if the incidence of audiological complications be controlled 
below 20% then the mean dose to cochlea should be reduced below 
32 Gy. QUANTEC data also indicated that when the average dose 
to cochlea was less than 45 Gy, the incidence of SNHL would be less 
than 30%, so it was suggested in QUANTEC guidelines that a dose 
for cochlea should be less than 45 Gy in order to preserve the hearing 
function [3].

By means of IMRT which produces a superior dose distribution 
even if the tumor is convex and concave in shape, it is likely to acquire 
best tumor control and least injuries in surrounding tissue if Organ 
at Risk (OAR) is involved [16,17], on the other hand, even with the 
superiority of IMRT it is not without any disadvantages because 
when we focus on delivering high dose to gross tumor and low dose 
in OARs as much as possible, but meanwhile an extra high dose may 
possibly be transferred to surrounding normal tissues which we don’t 
concentrate on [18,19]. Ji-Jin Yao et al. [20] reported a prospective 
study on radiation dose to OARs during IMRT for NPC patients, 
they found that the radiation dose to OARs increased significantly 
with increasing GTV volume, and concluded that GTV volume might 
be a useful prognostic factor for radiation dose to OARs around 
nasopharynx. Moreover, the spatial correlation between GTV and 
cochlea poses an effect on dose to cochlea. According to some authors 
[21,22], the minimal dose irradiated to cochlea varied from 45 Gy to 
70 Gy. For some tumors like glioblastoma and other cancers in head 
and neck [23-25], it was easy to limit cochlea dose under 35 Gy to 45 
Gy or even lower, but obviously nasopharyngeal cancer had different 
scenarios [26], since cochlea was just very close in the vicinity of 
tumor in nasopharynx.

Usually when we design a Cochlea Sparing Plan (C-Plan) with 
satisfactory Conformity Index (CI) and Homogeneity Index (HI) 
[27], we employ some techniques to reduce the dose to cochlea while 
delivering a radical dose to tumor, in order to obtain a balance of 
best tumor control and best preservation of hearing function. The 
techniques usually include: setting a maximal dose limit for cochlea, 
and/or upgrading cochlea protection weight, and/or changing slightly 
beams angle. If cochlea is involved in PTV partially, we would divide 
cochlea into two parts: the part inside PTV we limit maximal dose 
to be less than 103% of prescribed PGTV dose, if there is a high dose 
region in this part, we use a ring to set a constraint of limiting dose 
at certain percentage of volume in this part; the part outside PTV we 
limit maximal dose to be less than prescribed PGTV dose, as well as 

setting a constraint of limiting dose at certain percentage of volume 
in this part. If the cochlea is involved in PTV totally, then apply this 
strategy to it just the same as the part inside PTV. These techniques 
were also used to reduce the dose to cochlea by some other authors 
[28,29]. In our current study, the differences between C-Plan and 
R-Plan lay in whether or not there is consciousness of techniques 
of cochlea preserving mentioned above. From Table1 we could see 
in C-Plan the dose to cochlea could be limited under 45 Gy at 48% 
(49/102), while in R-Plan the dose to cochlea could be limited under 
45 Gy at only 30% (31/102), P=0.01, this suggested these techniques 
were effective.

In this study, we found that there were more benefits and 
challenges in making treatment plan with T3, if we compared C-Plan 
with a regular plan, as for patients with T1, T2 there may not be any 
planning challenges, and for patients with T4 in which the PTVs may 
have extended into the ipsilateral cochlea's region [12], which may 
not generate any planning benefits at all. Since every individual NPC 
patient has his own different body features and tumor characteristic, 
including inherent structure relationship inside organs, involvement 
of tumor invasion [30], the feasibility of cochlea sparing may depend 
on not only tumor’s T stage, but also GTV volume, prescribed PGTV 
dose, and spatial correlation between GTV and cochlea. In our study 
univariate analysis demonstrated the correlation between cochlea 
dose and clinical T stage, GTV volume, G-C distance and PGTV 
dose, while with multivariate logistic analysis, the results showed 
that feasibility of dose limit under 45 Gy was associated with G-C 
distance only, this suggested the fact that there may exist a functional 
relationship between these factors which influenced on the feasibility. 
And intrinsically, it suggested that the G-C distance was in reflection 
of the tumor’s T stage and GTV volume, in terms of the spatial 
relationship between tumor in nasopharynx and cochlea. And also, 
PGTV dose was just accordingly responding to the tumor’s T stage 
and GTV volume, prescribed by radiation doctors for the treatment 
purpose.

We used ROC to analyze the potential threshold of G-C distance 
for possible cochlea dose being under 45 Gy, the area under the ROC 
curve was 0.827; the threshold of G-C distance for possible cochlea 
sparing was 15.3 mm. This could explain why it was easy to limit a 
constraint of dose 45 Gy or less to cochlea for a stage T1 case, with 
which its GTV volume was not large and its G-C distance was not 
small, and as a result its PGTV dose should be moderate; On the 
contrary it became hard when T came to be an advanced stage like 
T4 to preserve the ipsilateral cochlea, as it was shown in Figure 1B. 
But interestingly, our findings in this study demonstrated that even 
for a stage T4, it was not possible to spare ipsilateral cochlea but we 
could still preserve the contralateral cochlea as much as possible, as 
it was the case with stage T2 or T3, which was possible to preserve 
both cochleas.

Conclusion
Our results demonstrated that the feasibility of cochlea sparing 

was associated with clinical T stage, GTV volume, PGTV dose and 
G-C distance, while basically G-C distance was the only independent 
variable to predict the feasibility of cochlea sparing with a threshold 
of 15.3 mm, if G-C distance was more than 15.3 mm it was feasible 
to spare ipsilateral or contralateral cochlea. This might help physicists 
and radiation doctors to make a judgment on whether or not the 
specific cochlea could be spared.

Figure 2: The ROC Analysis.
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Ethics
Since this study was focused on IMRT treatment plan to evaluate 

the relationship between the dose to cochlea and clinical T stage, 
GTV volume, PGTV dose and G-C distance, there was no disclosure 
of privacy of any patients. The study was approved by the Ethics 
Committee in the hospital during applying for provincial project. All 
patients were informed with their consent prior to inclusion in the 
study.
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