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Abstract
Objective: The space comprised between tumor and neck lymph nodes (T-N tract) is 
one of the main routes of tumor spread in oral cavity tumors. Aim of the study was 
to investigate the impact of T-N tract involvement on the postoperative radiotherapy 
(PORT) outcomes.
Materials and Methods: Patients (pts) treated between 2000 and 2016 with indica-
tion to PORT were retrospectively retrieved. Inclusion criteria were: (a) locally ad-
vanced tumors of the oral cavity, (b) who received with indication to PORT (c) with a 
minimum follow-up of six months.
Results: One hundred and fifty-seven pts met the inclusion criteria (136 pts treated 
with PORT and 21 pts not treated with PORT). In the PORT cohort, the T-N tract 
involvement had no impact on both OS (p = .09) and LRFS (p = .2). Among the non-
PORT cohort, both OS (p = .007) and LRFS (p = .017) were worse for pts with posi-
tive T-N tract compared to those with negative T-N tract. PORT improved both OS 
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1  | INTRODUC TION

Oral cancer has represented the 17th cause of cancer-related 
death worldwide in 2020, with a global incidence of 2%, with a 
significantly higher prevalence in developing countries (Ferlay 
et  al.,  2020). The majority of cases present with the locally-
advanced disease, with regional involvement in up to 30% of 
cases (Alvarez Amézaga et al., 2007; Alzahrani et al., 2020; Tromp 
et al., 2005). The standard of care for locally advanced oral cavity 
tumors is radical surgery followed by postoperative radiotherapy 
(PORT) (± concurrent chemotherapy) (National Comprehensive 
Cancer Network, 2020). To date, the currently accepted surgical 
technique is excision of the primary tumor with a 1.5–2-cm cir-
cumferential macroscopic margin (wide excision, WE) and con-
comitant or delayed neck dissection according to tumor depth of 
infiltration (Chong,  2005). Borrowing the concept from the sur-
gery of musculo-skeletal sarcomas, a “compartmental surgery” 
(CS) technique was proposed for oral tongue tumors in the early 
2000s (Calabrese et al., 2009). Among different advantages, this 
approach provides the unique opportunity to evaluate the pres-
ence of cancer cells within the tract between the primary tumor 
and the neck lymph node echelons (namely, the T-N tract).

The T-N tract, which is not removed with a WE technique, is one 
of the main routes of tumor spread and its involvement has been 
already recognized as a prognostic factor for patients’ outcomes 
(Tagliabue et al., 2019). All anatomical structures located between 
the tongue (T) and the first nodal level (N) constitute the so-called 
T-N tract, which is a route of dissemination for tumors originating 
in either the floor of the mouth and the mobile tongue. In detail, 
it consists of the sublingual and submandibular glands, the mylohy-
oid muscles, the lingual arteries, veins, and nerves, the hypoglossal 
nerves, the Warton ducts, the lingual and sublingual nodes, and stro-
mal tissue. Whether the T-N tract involvement could have an impact 
on PORT efficacy has not been investigated yet.

To answer these unaddressed questions, we performed a ret-
rospective study on patients who had received CS for locally ad-
vanced tumors of the oral cavity, for whom a minimum follow-up of 
six months was available considering as endpoints: (a) to analyze the 
prevalence of T-N tract involvement in locally advanced tumors can-
didate to PORT (b) to evaluate the impact T-N tract involvement on 
PORT oncological outcomes (5 years overall survival (OS) and loco-
regional relapse disease-free survival (LRFS)).

Moreover, we compared patients submitted to CS and PORT 
(PORT cohort) with a similar group of patients treated with CS not 
followed by PORT (non-PORT cohort) as stratified per the T-N tract 
involvement.

2  | PATIENTS AND METHODS

This is a retrospective study approved by the Ethical Committee of 
the European Institute of Oncology IRCSS (IEO) (notification num-
ber: IEO225). The presence of written informed consent for the use 
of anonymized clinical data for research purposes was verified for 
every patient screened for the analysis.

2.1 | Clinical characteristics

Consecutive patients with the diagnosis of squamous cell carcinoma 
of the oral cavity treated with CS at the IEO from June 2000 to May 
2016 were analyzed. Inclusion criteria were: (a) locally advanced tu-
mors of the oral cavity (stages III and IV per the TNM seventh ed.), (b) 
who had received with indication to PORT, and (c) with a minimum 
follow-up of six months and availability of oncological outcome data; 
the presence of written informed consent was verified for all pa-
tients. Early-stage tumors (stage I and II according to TNM seventh 
edition) and recurrent/secondary cancers were excluded from the 
analysis, as well as patients for whom all baseline clinical information 
was not retrievable from the electronic medical charts. Patient-, tu-
mor- and treatment-related characteristics were retrieved from elec-
tronic medical records. The presence of comorbidities was assessed 
per the Charlson comorbidity index (CCI). Indications for CS were 
either patients with cT2N+ disease or cT >2 with any nodal stage 
squamous cell carcinoma of the oral cavity (Calabrese et al., 2009).

2.2 | Pre-operative evaluation

Pre-operative assessment was performed with comprehensive 
oral cavity and oropharynx examination with clinical exploration, 
fiber-optic-video pharyngolaryngoscopy and, recently, narrow-
band imaging. Loco-regional tumor extension was assessed using 
contrast-enhanced magnetic resonance (MR) and/or computed 

(p =  .008) and LRFS (p =  .003) in pts with positive T-N tract but not in those with 
negative T-N tract (p = .36 and p = .37, respectively).
Conclusions: Our results suggest that involvement of T-N tract should be considered 
as prognostic factors informing the indication to PORT.

K E Y W O R D S

oral cavity cancers, postoperative radiotherapy, T-N tract
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130  |     ALTERIO et al.

tomography (CT) imaging. In case of suspicious lymph nodes, an 
ultrasonography-guided fine-needle aspiration was performed. The 
presence of distant metastases was assessed by position emission 
tomography (PET)-CT scans or total body CT scans.

2.3 | Pathological findings

For the whole cohort, the following pathological parameters were 
retrieved: tumor and nodal staging (according to TNM AJCC stag-
ing system, seventh ed.), grading, surgical margins status (with mar-
gins greater than 5  mm being considered as negative, 1–5  mm as 
close and <1 mm as positive), tumor grading, number and location 
of pathological lymph nodes, presence of lymph node extracapsular 
extension (ECE). The presence of tumor in the T-N tract was already 
available in most of the retrieved pathologic charts. When missing, 
a second analysis of the pathologic specimens was retrospectively 
performed to retrieve this parameter.

2.4 | Indications to adjuvant treatment

Indication to adjuvant treatments was given following multidiscipli-
nary team discussion. According to NCCN (National Comprehensive 
Cancer Network) guidelines, PORT was indicated in case of 
advanced-stage tumors (pT3 or pT4) and/or nodal involvement 
(pN2a or higher and/or ECE) and/or close/positive surgical margins 
and/or aggressive biologic features (perineural invasion and lymph 
vascular extension). Indication to add concurrent chemotherapy to 
PORT was given according to current clinical practice guidelines 
(Bernier et al., 2005).

In case PORT was not performed despite prior indication to 
treatment, the reason of omission was verified and reported.

2.5 | Follow-up procedures

Follow-up was performed with clinical and radiological evaluation 
every three months for the first two years, every four months for 
the third year, and every six months for the subsequent two years. 
Subsequently, follow-up was scheduled once a year. A fiber-optic-
video pharyngolaryngoscopy was executed at every clinical control. 
CT/MR and ultrasonography were required according to the pre-
treatment evaluation while a whole-body re-staging, by either FDG-
PET or total body CT, was required yearly.

2.6 | Statistical analysis

The relative frequencies for the categorical variables were provided 
to describe the population. The clinical characteristics of the PORT 
and non-PORT cohorts were compared, and their differences were 
quantified with Pearson's Chi-square test. Wilcoxon-rank test was 

performed on continuous variables (time until diagnosis and over-
all treatment time), while Fisher's exact test or Chi-square were ap-
plied to categorical variables (gender, alcohol consumption, tobacco 
smoke, T-N tract involvement, perineural invasion, ECE, surgical 
margins status, pT, pN, pathological stage, CCI). Age was considered 
both as a categorical variable (Fisher's exact test) and a continuous 
variable (Wilcoxon–rank test). Overall, the time between biopsy and 
surgery was defined as “time until diagnosis”. Overall treatment time 
was defined as the interval between surgery and the completion of 
PORT. Follow-up was considered as starting after CS. OS was de-
fined as the time from the surgery until the death from any cause 
or the last available follow-up; the LRFS was defined as the time 
from surgery until loco-regional disease progression, death from any 
cause, or last available follow-up. The survival curves were built with 
the Kaplan–Meier (KM) method and the Log-rank test was used to 
compare survival time between the groups. Univariate analyses were 
carried out to investigate the differences between PORT and non-
PORT cohorts in term of outcomes and possible confounding fac-
tors (such as age and gender) and other prognostic factors. Variables 
that were found to be significantly associated with time to events in 
the univariate model were included in the multivariable Cox propor-
tional hazard models and were kept in the model if they remained 
significant, following a forward and backward selection variable 
strategy. A fully adjusted Cox proportional hazard model was used to 
evaluate the difference between the two groups in terms of OS and 
LRFS adjusting for significant confounders. Hazard Ratios (HR) with 
95% confidence intervals (95CI) obtained from fully adjusted Cox 
proportional hazard models. All statistical tests were two-sided and 
p  <  .05 was considered statistically significant. Statistical analysis 
was performed with R software version 3.6.0–"Planting of a Tree", 
KM survival plots were obtained with R library survminer (Drawing 
Survival Curves Using ‘ggplot2’ • Survminer, n.d.; R: A Language & 
Environment for Statistical Computing, n.d.).

3  | RESULTS

Among the 506 consecutive patients treated with CS in the consid-
ered period, 157 met the inclusion criteria. Median time until diagno-
sis was 39 (absolute range 14–247) days. Median overall treatment 
time was 114 days (absolute range 83–185).

Of the 157 selected patients included in the present work, 125 
were considered in two (88 and 38 patients, respectively) previously 
published surgically oriented works from our Institution (Calabrese 
et al., 2011; Tagliabue et al. 2019). Nevertheless, the impact of T-N 
tract on indication to PORT has not been specifically addressed by 
neither of the two studies.

3.1 | T-N tract involvement

Microscopic involvement of the T-N tract was found in 40 patients 
out of 157 (25%). In detail, T-N tract positivity was distributed as 
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follows: 4 cases out of 22 (18%), 5 out of 41 (12%) and 31 out of 94 
(33%) in pT1-2 N+, pT3-4 N0 and pT3-4 N+ patients, respectively.

3.2 | PORT-Cohort

Among the 157 analyzed patients, 136 were treated with PORT. 
Patients and tumor characteristics are summarized in Table  1. 
Overall, the major proportion of patients in both cohorts was male, 
and the most represented group was below 60 years of age. Most 
of the included patients had a stage IV disease (96% and 90% in 
the PORT and non-PORT groups, respectively). Globally, low-
intermediate grade tumors (G1-G2) were the most frequent in both 
cohorts.

Oncological outcomes of patients submitted to PORT accord-
ing to the T-N tract involvement are visualized in Figure 1a, b and 
showed no impact of T-N tract involvement on clinical outcomes.

3.3 | Non-PORT cohort

Although having received prior indication to treatment, 21 pa-
tients did not undergo PORT. Namely, the reason for adjuvant 
RT withdrawal was distributed as following: patients’ refusal (11 
cases, 52%), postoperative complications (four cases, 19%), low-
performance status (three cases, 14%), borderline indication (two 
cases, 10% presenting with pathological staging T3N0 and no con-
comitant adverse features) and early death for local recurrence 
(one case, 5%).

Clinical outcomes of the non-PORT cohort are reported in 
Figure 1c, d and show a statistically significant impact of T-N status 
on both OS and LRFS.

3.4 | Comparison between the PORT and non-
PORT cohorts

The two cohorts were homogeneous according to the majority of 
relevant patient- and tumor-related characteristics (Table 1). A sta-
tistically significant difference between the groups was found only 
for age (with the older patients being included in the non-PORT 
group) and nodal status (with the higher rate of positive nodes being 

TA B L E  1   Patients’ and tumor- related characteristics of PORT 
and non-PORT cohorts

PORT (n, %)
Non-PORT 
(n, %)

p-Value (Chi-
square test)

Total number of 
patients

136 (87) 21 (13)

Patients’ characteristics

Gender

Female 47 (34.5) 5 (23.8) .47

Male 89 (65.4) 16 (76.2)

Age, years

<60 93 (68.4) 9 (42.8) <.01

60–69 32 (23.5) 5 (23.8)

>70 10 (7.3) 7 (33.3)

Alcohol consumption

Never 69 (50.7) 13 (62.0) .30

Ever 62 (45.5) 6 (28)

Tobacco smoke

Never 45 (33.0) 8 (38.0) .87

Ever 89 (65.4) 13 (62)

Charlson Comorbidity Index score

2 57 (41.9) 5 (23.8) .02

3 33 (24.3) 4 (19)

4 26 (19.1) 4 (19)

5 17 (12.5) 4 (19)

6 3 (2.2) 4 (19)

Tumors’ characteristics

pT

2–3 25 (18.3) 3 (14.3) .88

4 111 (81.7) 18 (85.7)

pN

0 31 (22.8) 10 (47.6) .03

1–3 105 (77.2) 11 (52.4)

Pathologic stage (AJCC)

III 5 (3.7) 2 (9.5) .52

IV 131 (96.3) 19 (90.5)

T-N tract involvement

Negative 101 (74.2) 16 (76.2) 1.00

Positive 35 (25.8) 5 (23.8)

Perineural invasion

No 105 (77.2) 20 (95.0) .10

Yes 31 (22.8) 1 (5.0)

Extracapsular extension

No 85 (62.5) 18 (85.7) .06

Yes 51 (37.5) 3 (14.3)

Surgical margins

Negative 119 (87.5) 17 (81.0) .63

Close/
Positive

17 (12.5) 4 (9.0)

(Continues)

PORT (n, %)
Non-PORT 
(n, %)

p-Value (Chi-
square test)

Grading

1–2 77 (57.0) 14 (66.7) .48

3 58 (43.0) 7 (33.3)

Abbreviations: AJCC, American Joint Committee on Cancer; pN, 
pathologic nodal stage pT: pathologic tumor stage; PORT, Postoperative 
radiotherapy.

TA B L E  1   (Continued)
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in the PORT group) and ECE (with more patients in the PORT group 
presenting with ECE). The comparison between PORT and non-
PORT cohorts in terms of OS and LRFS showed better oncological 
outcome in patients treated with PORT (p  =  .043 and 0.051, re-
spectively). Multivariate analysis confirmed that PORT remains an 
independent factor for both OS and LRFS (Table 2). Considering age 
as a continuous variable, the results do not change, and P-value ob-
tained with the non-parametric Wilcoxon–rank test is 0.018. Time 
until diagnosis shows no difference by PORT status (p = .73).

After adjusting for the presence of lymph nodes metastases, ECE, 
and age (dichotomized as under and above 55 years of age) the Cox 
model indicated that PORT was associated with OS with a hazard 
ratio of 0.38 (95% confidence interval [CI]: 0.19–0.75; p-value < .01). 
Therefore, patients who had received the PORT treatment had a 
62% lower risk of death. A Cox model with the same adjustments 
indicated that PORT was associated with LRFS with a hazard ratio of 
0.42 (95% CI: 0.22–0.80; p-value = .01) with a resulting reduction in 
the risk of loco-regional relapse of 57%.

Neither time until diagnosis nor overall treatment time were asso-
ciated with OS (p = .52 and p = .11, respectively) and LRFS (p = .57 and 
p = .30, respectively). Also, the CCI did not show any significant associa-
tion with OS (HR = 1.03, 95% CI: 0.75–1.42, p = .85) and LRFS (HR = 0.93, 
95% CI: 0.69–1.25, p = .63); tumor grading was not associated with the 
considered oncological outcomes, despite a trend towards statistical sig-
nificance was identified (p = .06 for OS and p = .07 for LRFS).

Considering the T-N tract involvement, patients with positive 
T-N tract experienced better 5-y OS and 5-y LRFS when treated 

with PORT compared to the non-PORT group (Figure 2 a,b), p = .07 
for OS and p = .05 for LRFS. Notably, the advantage was preserved 
for the whole duration of the follow-up for both the considered 
oncological outcomes. Conversely, in case of negative T-N tract, 
both 5y-OS and 5y-LRFS did not show a statistically significant 
difference between the two cohorts (p_0.359 and p  =  .375, re-
spectively) (Figure 2 c,d).

4  | DISCUSSION

The prognostic role of the T-N tract in oral cavity tumors has been 
investigated in surgical series (Calabrese et  al.,  2011, Tagliabue 
et al., 2019); starting from this body of evidence, the aim of this work 
was to give a more Radiation Oncology-oriented perspective by 
analyzing the impact of T-N tract involvement on PORT. Results of 
our analysis suggest that the tumor presence in the T-N tract should 
be considered–or at least investigated–as a new prognostic factor 
contributing to inform the indication to PORT. Moreover, pathologi-
cal findings also indicate the presence of tumor cells within the T-N 
tract up to one-fourth of patients, which strongly advocates for con-
sidering this area (if not surgically removed) for radiation treatment 
planning purposes.

The generally considered risk factors for indication to PORT 
are based on studies using the WE technique (Fan et  al.,  2017). 
Comparatively, CS technique is the “en bloc” removal of the pri-
mary tumor and the neck lymph nodes, which allows to assess the 

F I G U R E  1   Five-year oncological outcomes in PORT and non-PORT cohorts stratified by T-N tract status. Abbreviations: LRFS, Loco-
regional Control Free Survival; OS, Overall Survival; PORT, Postoperative Radiotherapy
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     |  133ALTERIO et al.

T-N tract involvement. Our results showed that the improvement 
of clinical outcome achieved by PORT could be even higher in pa-
tients with a positive T-N tract compared to those with an unin-
volved T-N tract. On the contrary, PORT seems not to improve 
oncological results in patients presenting with negative T-N tract. 
Overall, we can speculate that PORT could compensate for the 
worse prognosis of patients with the microscopic T-N tract involve-
ment. Unfortunately, we could not perform any sub-group analy-
sis due to the low number of patients included in the non-PORT 
cohort. Nevertheless, according to a personalized medicine-based 
approach, further investigation is warranted to select low-risk 

patients for adjuvant de-intensification strategies to optimize the 
therapeutic index of such multidisciplinary approach. Moreover, 
PORT still represents the standard of care for patients with locally 
advanced stage OCSCC. Therefore, information on T-N tract could 
serve as an additional prognostic factor in defining adjuvant treat-
ments mainly in patients with borderline stages (e.g., T1-T2N1) and 
no other risk factors.

Recently published guidelines for clinical target volume de-
lineation recommend to consider the following parameters: lo-
cation of the primary tumor, presence of anatomical barriers, 
and preferential routes of spread (Grégoire, Evans, et al., 2018). 

TA B L E  2   Multivariate analysis on overall survival (OS) and Loco-regional control free survival (LRFS) according to the treatment with 
postoperative radiotherapy (PORT), the presence of lymph node extracapsular extension, the pathologic lymph node stage (pN0 versus pN 
positive) and patient's age

OS

Number of patients: 157

Number of events: 59

Clinical parameters HR lowHR upHR p-Value

PORT 1 <.01

No 0.38 0.19 0.75

Yes

ECE 1 .03

No 1.83 1.04 3.19

Yes

pN 1 .01

0 2.95 1.29 6.75

>0

Age 1 .04

≤ 55 1.76 1.03 3.00

> 55

LRFS

Number of patients: 157

Number of events: 59

Clinical parameters HR lowHR upHR p-Value

PORT 1 <.01

No 0.42 0.22 0.80

Yes

ECE 1 .02

No 1.81 1.07 3.04

Yes

pN 1 .01

0 2.69 1.26 5.74

>0

Age

≤ 55 1 .02

> 55 1.79 1.09 2.95

Abbreviations: ECE, extracapsular extension; HR, Hazard ratio; OS, Overall survival; pN, Pathologic nodal stage; PORT, Postoperative radiotherapy.
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134  |     ALTERIO et al.

Specifically, generous margins are suggested in case of oral cav-
ity tumors to minimize the risk of marginal recurrences (Metcalfe 
et  al.,  2017). As data on the incidence of microscopic disease 
in the T-N tract are lacking, the delineation of this region as a 
target volume is generally not specifically addressed or even not 
recommended in current guidelines (Grégoire et  al.,  2018; Liu 

et al., 2015; Merlotti et al., 2014). Specifically, some authors do 
not recommend, in clinical practice, irradiation of the area en-
compassed between the primary tumor and pathologically posi-
tive lymph nodes17. The importance of irradiating this tumor root 
of spread could be therefore underestimated, potentially leading 
to unexpected loco-regional recurrences. Our results suggest 

F I G U R E  2   Five-year oncological outcomes according to T-N tract status stratified by adjuvant treatment (PORT versus non-PORT). 
Abbreviations: LRFS, Loco-regional control free survival, OS, overall survival, PORT, Postoperative radiotherapy

F I G U R E  3   Anatomical boundaries of the T-N tract identified on computed tomography (CT) images
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that the risk of T-N tract involvement correlates with tumor and 
lymph node staging. Interestingly, in our series, 12% of patients 
with pathologically negative lymph nodes still had tumor cells 
within the T-N tract. Overall, our results strongly suggest includ-
ing the T-N tract as a target volume in patients with locally ad-
vanced oral cavity tumors receiving curative RT or submitted to 
a WE with indication to PORT. To complement this information, 
we herein provide the anatomical boundaries of the T-N tract 
identified on computed tomography and magnetic resonance 
images, as depicted in Figure 3. Further details are provided in 
Figures S1 and S2.

Calabrese et al. (2009) firstly described the CS technique for 
head and neck cancers. Compared to the traditional WE, advan-
tages of CS consist in (a) removal of the tumor routes of spread 
(b) higher standardization of the surgical procedure (c) better 
pre-operative definition of the surgical procedure which should 
translate in a more favorable impact on both reconstruction and 
rehabilitation. Whether PORT could maintain its role in improv-
ing oncological outcomes after CS has not been specifically in-
vestigated. A retrospective analysis comparing patients treated 
with CS with a historical cohort of patients treated with tradi-
tional WE showed a statistically significant improvement of local 
disease-free survival (p = .006) and OS (p = .0007) in favor of CS. 
Multivariate analysis suggested that PORT plus concurrent che-
motherapy remained an independent prognostic factor for the 
5-years local recurrence rate (p =  .054) (Calabrese et al., 2011). 
Nevertheless, in that series, early-stage tumors were also in-
cluded with T2N0 tumors (which generally have no indication to 
PORT) representing the 18% and 17% of the WE and CS groups, 
respectively. Conversely, in their cohort of patients with pT4 (per 
TNM 7ed) oral cavity tumors treated with CS, Piazza et al. (2019) 
did not find any difference in 2y-OS between patients who had 
received with PORT and those who had not. Of note, the authors 
did not provide any justification for PORT omission. Moreover, in-
terpretation of their results on PORT efficacy is at least partially 
impaired, as both primary and recurrent tumors were included 
in the analysis. In the present study, we included only locally ad-
vanced tumors who had indication to PORT (thus excluding early-
stage tumors and recurrences). Among our population, we found 
that 13% of patients did not perform any adjuvant treatment for 
non-oncological reasons. Therefore, this cohort of untreated pa-
tients permitted to have a sort of control group to be compared 
with the one treated with PORT. Despite patients treated with 
PORT had a significantly higher rate of positive lymph nodes 
and ECE, both OS and LRFS compared favorably to those of pa-
tients in the non-PORT group. Multivariate analysis confirmed 
that PORT remains an independent prognostic factor for both 
OS and LRFS. These findings should be interpreted with caution 
due to the low number of patients in the non-PORT group and 
the relatively high prevalence (28%) of declining performance 
status and/or postoperative complications, which could repre-
sent independent negative prognostic factors. Therefore, while 
our data suggest that PORT could improve oncological outcomes 

following CS, further investigations are warranted to confirm 
these results.

We are aware of some limitations of our work, including its 
retrospective nature, long study period and the relatively limited 
number of patients (especially in the non-PORT group), and un-
availability of details on PORT. Moreover, the depth of infiltration 
(DOI) for the primary tumor was not available for a significant 
proportion of patients, as well as the HPV status, which is a rec-
ognized prognosticator for this subset of HN cancers (Calabrese 
et al., 2020). To address this issue, we are currently reviewing all 
pathological specimens to quantify the impact of DOI on PORT 
following PORT. Despite the above-mentioned limitations, we 
strongly believe that our series has the full potential of providing 
the radiation oncologist with clinically meaningful information for 
the management and target volume delineation in patients with 
advanced cancer of the oral cavity, especially for those who are 
not suitable for surgery. Admittedly, further studies on wider co-
horts are warranted to support our results. Arguably, a more re-
fined knowledge of risk factors–and patterns of failure according 
to baseline characteristics, would contribute to integrate these 
findings, and complement currently adopted contouring guide-
lines for radiation oncology clinical practice.

5  | CONCLUSION

Results of the present analysis suggest that the presence of tumor 
within the T-N tract could represent an additional risk factor to be 
considered for the indication to PORT. Nevertheless, prospective 
studies are warranted to confirm our preliminary results. Moreover, 
due to the high incidence of microscopic disease found within the 
T-N tract, we suggest considering this region as a target volume for 
radiation treatment planning purposes.
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