
Purpose: To evaluate correlation of single photon emission computed tomography-computed tomog-
raphy (SPECT-CT) data on lymph flow (LF) from oral tongue cancer (OC) and the topography of lymph 
nodes (LN) metastases; to determine the clinical value of lymph flow guided radiotherapy (LFGRT).
Materials and Methods: SPECT-CT visualization of LF from the OC lesions was performed after peri-
tumoral injection of 99mTc-phytate in 26 primary patients with clinical stage cT1-2N0M0 disease. We 
determined the individual drainage (unilateral/bilateral) from the tumor, and localization of sentinel 
LNs according to the neck levels. Metastases in LNs were verified with histology and a 2-year fol-
low-up. 
Results: SPECT-CT detected bilateral LF in 10 (38.5%) of 26 patients; in 16 (61.5%) cases the drain-
age was unilateral. Histology revealed LNs metastases in three cases; regional recurrences were diag-
nosed in other four patients. In all seven observations metastases were located at the same site and 
level as the sentinel LNs. In eight (30.8%) of 26 patients sentinel LNs were visualized unilaterally at 
levels Ib–IIa; in five cases, unilaterally at levels I–IIa–III. In these patients, LFGRT demonstrated 59%–
70% reduction of irradiated volume, and 26%–42% and 51%–70% decrease of the mean dose to the 
spinal cord and the contralateral parotid gland. In patients with a bilateral drainage the reduction of 
doses absorbed by the spinal cord and contralateral parotid gland was 19% and 6%, respectively. 
Conclusion: Localization of sentinel LNs determined by SPECT-CT corresponds to the localization of 
metastatic LNs in terms of side and levels. 
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Introduction 

The results of prospective randomized studies in patients with oral 

cancer demonstrated that a standard bilateral irradiation of the 

neck provided a significant increase of overall and relapse-free sur-

vival [1,2]. The opinion on the required and sufficient volumes to be 

irradiated in different clinical situations is less definitive. The cur-

rent guidelines recommend a bilateral neck irradiation with excep-

tions in special cases only, as in case of unilateral tonsil involve-

ment when regional radiotherapy can be performed only on the 

lymph nodes (LNs) ipsilateral to the primary lesion. Unfortunately, 

the available imaging modalities are not enough accurate to iden-

tify patients with a low risk of LNs involvement: sensitivity of ul-

trasound, magnetic resonance imaging (MRI), positron emission to-
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mography-computed tomography (PET-CT) in diagnosing subclini-

cal metastatic lesions does not exceed 46%–80% [3-6]. Mean-

while, the reduction of neck LN irradiation volumes including uni-

lateral radiotherapy in patients with oropharyngeal malignancies is 

of utmost importance as the minimization of the irradiation vol-

ume is associated with sparing normal tissues and a significant re-

duction in frequency and grade of early and late toxicity of the 

treatment [7,8]. 

The concept of sentinel lymph node (SLN) appeared in the last 

quarter of the 20th century, and was successfully implemented in 

the routine treatment of patients with breast cancer and melano-

ma. The main idea of this concept is based on the assumption of 

the sequential and predictable manner of lymph flow from the tu-

mor to the regional LNs, and hence on predictable order of LNs 

metastatic involvement [9]. The logical evolution of these ideas led 

to the concept of lymph flow guided radiotherapy already dis-

cussed in patients with breast, prostate, head and neck, and cervi-

cal cancer [10-13]. The main purpose of the present study was to 

evaluate the correlation of single photon emission computed to-

mography-computed tomography (SPECT-CT) data on lymph flow 

from oral tongue cancer and the topography of LNs metastases re-

vealed with histological examinations and during the follow-up. 

We analyze the value of this information for lymph flow guided ra-

diotherapy in patients with oral tongue cancer. 

Materials and Methods 

This retrospective study approved by the Institutional Ethic Com-

mittee of the N.N. Petrov National Medical Research Cancer Cen-

ter (No. 20). Finally, 26 primary patients with stage I–II (cT1-

2N0M0) carcinoma of oral tongue were included in the analysis. 

In all cases the primary staging, treatment and follow-up were 

performed at the Institute from January 2015 to November 2019. 

The baseline characteristics of the study group are presented in 

Table 1. 

All patients had clinically non-involved LNs confirmed by clinical 

examination, ultrasound of the neck, contrast-enhanced CT and 

MRI. The main signs of LN metastases were: a short axis diameter 

of more than 8 mm, a round shape, presence of necrosis, irregulari-

ty of the borders/margins, and change of cortex thickness and/or 

loss of fatty hilus. 

For the SLN mapping we used 99mTc-radiocolloids (99mTc-phytate) 

with the diameter ranging from 80–100 nm to 1,000 nm. The hy-

brid SPECT-CT visualization of sentinel and second echelon LNs 

with tracer uptake was performed 120–240 minutes after the peri-

tumoral injection of 99mTc-phytate (0.2–0.4 mL) in four points 

around the primary lesion (3, 6, 9, and 12 o’clock positions). The 

total injected activity ranged from 100 MBq to 150 MBq. The pa-

tients were positioned supine on the table in the treatment posi-

tion. The acquisition started with the following parameters: 128 ×  

128 matrix; scan step, 3°; shot exposure time, 16 seconds; rotation 

angle for each detector, 180°. Upon the completion of the SPECT, a 

spiral CT was performed without changing the patient’s position on 

the table. All LNs with uptake of 99mTc-phytate were categorized as 

sentinel LNs according to the recent approach in patients with 

head and neck cancer [14]. 

The SPECT-CT data were analyzed by an experienced (10 years of 

practice) radiologist and a radiation oncologist. They assessed the 

lymph flow pattern (unilateral or bilateral), number and topography 

of SLNs. The visualized SLNs were anatomically categorized accord-

ing to the levels of the neck as proposed by the consensus guide-

lines for the delineation of the neck node levels [15]. The next day 

after the SLN mapping all patients underwent surgery with SLN bi-

opsy followed by a unilateral LNs dissection on the site of the tu-

mor. This strategy was approved by the Institute Tumor Board and 

considered as a routine treatment approach. The extent of LNs dis-

section was not directed by the topography of visualized SLNs: in 

two cases we performed “radical unilateral neck LNs dissection” 

(dissections of LNs localized at the I–V levels); in the remaining 24 

cases, “elective” LNs dissection (dissection of LNs from levels I–III). 

Table 1. Patient demographics and tumor characteristics (n = 26)

Characteristic Value
Sex
  Male 14 (53.8)
  Female 12 (42.2)
Age (yr) 55.6 (33–84)
Lateralized primary tumor
  No 5 (19.2)
  Yes 21 (80.8)
T stage
  T1 14 (53.8)
  T2 12 (42.6)
Grade
  G1 9 (34.6)
  G2 15 (57.7)
  G3 2 (7.7)
Lymph flow (SPECT-CT)
  Unilateral 16 (61.5)
  Bilateral 10 (38.5)
Neck dissection
  Radical (I–V levels) 2 (7.7)
  Elective (I–III levels) 24 (92.3)

Values are presented as number (%) or median (range).
SPECT-CT, single photon emission computed tomography-computed to-
mography.
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In all cases sentinel LNs identified with the gamma-probe and 

non-sentinel (without radioactivity) LNs from all anatomic levels 

were separately sent for a pathological examination. 

The pathological examination of SLNs was performed according to 

the protocol recommended by the SENT study [16]. Nodes of less 

than 2 mm were examined as a whole; nodes of 2–5 mm were cut 

into 2 halves along the greatest distance from the LN poles. LNs of 

more than 5 mm were sliced into 2 mm sections. Cross-sections 

were stained with hematoxylin and eosin (H&E) and examined with 

a light microscopy. In case of non-metastatic SLNs additional stain-

ing with pancytocreatin AE1/AE3 antibodies was performed. 

Non-sentinel LNs were examined according to the standard protocol: 

single representative section of each half of the node was stained by 

H&E for a final light microscopy. Based on histopathology results, 

metastases were differentiated into isolated tumor cells (<0.2 mm), 

micrometastases (0.2–2 mm) or macrometastases (>2 mm). 

At least a 2-year follow-up upon the completion of the treat-

ment was reached for all patients. The schedule of the visits was as 

follows: every 3 months during the first year and every 6 months 

during the subsequent period. For the first 2 years, the follow-up 

procedures included physical examinations, MRI and ultrasound 

scanning. 

Finally, with the Eclipse 3D treatment planning system (Varian, 

Santa Clara, CA, USA), we compared virtual radiotherapy plans pre-

pared for a standard radiotherapy of neck LNs and primary lesion 

according to existing guidelines and experimental plans for lymph 

flow guided radiotherapy when irradiation volumes were restricted 

by the primary lesion and neck levels with SLNs. To compare the 

treatment plans we used the following parameters: clinical treat-

ment volume (in cm3), the mean whole body dose, the mean dose 

absorbed by the irradiated spine and the mean dose to the ipsilat-

eral and contralateral parotid gland. 

1. Reference test and statistical analysis 
The purpose of the study was to evaluate the correlation of SPECT-

CT data on lymph flow from oral tongue cancer and topography of 

regional LNs metastases revealed with histopathology and/or 

during follow-up. All patients underwent the unilateral neck dis-

section on the site of primary lesion even in cases when primary 

tumor was close to the median sulcus. Histopathologic examina-

tion of excised LNs and the follow-up data were both used as a 

reference. Patients with positive SLNs and/or non-SLNs localized at 

the same levels as SNLs were considered true positive. Also, all re-

gional recurrences corresponding to the levels containing SLNs at 

the primary SPECT-CT were considered as true positive. All cases 

with lymph node metastases and/or regional recurrences detected 

distally from the levels containing SLNs were considered as false 

negative. These data were used to calculate the negative predictive 

value and sensitivity of SPECT-CT data on lymph flow in predicting 

topography of neck metastases. 

Results 

SLNs were successfully visualized in all 26 primary patients includ-

ed in the study. All patients had SLNs identified during the surgery. 

We found a close correlation between the localization of the pri-

mary lesion and the pattern of lymph flow from the tumor: unilat-

eral or bilateral (Fig. 1). SPECT-CT demonstrated bilateral localiza-

tion of LNs with uptake of 99mTc-phytate in 10 (38.5%) cases. This 

pattern was detected in four of five patients with a medial local-

ization of the primary lesion. At the same time, six of 21 (28.6%) 

patients with lateralized lesions had SLNs visualized on both sides 

of the neck. 

Other 16 (61.5%) patients had a unilateral drainage from the 

primary lesion that manifested in the unilateral localization of ra-

dioactive LNs on the side of the tumor. We did not detect any case 

of the unilateral lymph flow to the contralateral side of the neck. 

Interestingly, in 15 of 16 patients with the unilateral lymph flow 

pattern primary lesions had a lateral localization.  

The pathological examination of the removed neck LNs revealed 

metastases in three of 26 patients included into the study. All three 

cases were classified as micrometastases. In two patients metasta-

ses were localized in SLNs without tumor involvement of non-

SLNs, and in the last case metastases were diagnosed in non-SLNs 

localized in the neck level containing SLNs. 

It is important to note that pathological examinations of the re-

moved LNs and a median 29 months follow-up confirmed that none 

of 16 patients with the unilateral lymph flow had a contralateral 

metastatic LN involvement and/or contralateral recurrences. On the 

contrary, one of 10 patients with the bilateral localization of SLNs 

determined with the SPECT-CT examination had a progression in 

contralateral SLNs. During the initial treatment, the patient with a 

primary lateralized lesion had a unilateral LNs dissection only on the 

side of primary tumor. During the pathological examination no me-

tastases were identified in sentinel and non-SLNs, and it was decid-

ed to refrain from the contralateral neck dissection. 

The median follow-up for 26 evaluated patients was 29 months 

(range, 24 to 56 months). During this follow-up period, we diag-

nosed four regional recurrences: in one patient with the bilateral 

lymph flow who had a unilateral LNs dissection, tumor progression 

was detected in a SLN localized on the contralateral side of the 

neck. This SLN was successfully visualized with SPECT-CT per-

formed before the primary surgery. Despite the findings of SPECT-

CT the unilateral neck/cervical LNs dissection was performed due 
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to the presence of a lateralized primary tumor. In other three 

non-irradiated patients the neck recurrences were revealed at the 

level with SLNs present: level Ia in one, level III in other two obser-

vations. Distant lung metastases were detected in 2 (7.7%) cases. 

To the date of the last follow-up, one patient with lung metastases 

died from the oral tongue generalization 14 months after the 

treatment started. 

Thus, the survival rate was 96.2%, the disease-free survival rate 

76.9%, and locoregional recurrence rate 15.4%. 

Finally, we found that in six of seven cases neck metastases di-

agnosed with the pathomorphological examination or revealed as 

recurrences during the follow-up were localized in SLNs or in non-

SLNs on the levels bearing “hot” LNs. In one case, metastatic LN 

was revealed on the level proximal to the level bearing radioactive 

LNs. The histopathologic findings and the follow-up data indicate 

high sensitivity (100%) and negative predictive value (100%) of 

SPECT-CT lymph flow visualization when it is used to predict local-

ization of oral tongue metastases according to the neck site and 

levels. Tables 2 and 3 show the rate and distribution of SLNs de-

tected with SPECT-CT. In nine (34.6%) of 26 patients SLNs were vi-

sualized only at levels I–II (Tables 2, 3); whereby in eight of nine 

mentioned cases the lymph flow was unilateral. 

Since the study group was mostly represented by patients with 

an early oral tongue cancer, only three men received adjuvant ra-

diotherapy: chemoradiotherapy in patient with T2 oral tongue can-

cer and a positive margin; radiotherapy—in patient with lympho-

Fig. 1. SPECT-CT visualization of lymph flow from oral tongue cancer. (A) The identification of unilateral lymphatic drainage of the tongue can-
cer (injection site is masked). Three-dimensional volume rendered SPECT-CT image revealing that cervical sentinel lymph node is located in the 
IIa level. (B) The identification of bilateral lymphatic drainage of the tongue cancer (injection site is masked). Three-dimensional volume ren-
dered SPECT-CT image revealing that cervical sentinel lymph nodes are located in the IIa level on the left side (arrow) and IIa–III levels on the 
right side. SPECT-CT, single photon emission computed tomography-computed tomography.

Table 2. Localization of SLNs and LN metastases in patients with 
unilateral lymph flow from primary tumor

No.

Distance from 
the tumor edge 

to median
sulcus (mm)

Ipsilateral levels 
with SLNs

Ipsilateral
levels with 
metastatic 

LNs

Ipsilateral
levels with

recurrent LNs

1 12 IIa–III - -
2 4 IIa - -
3 - IIa–IIb - -
4 5 IIa IIa non-SLN -
5 1 IIa–IIb–III–IV III SLN -
6 5 Ib–IIa–IIb–III–IV - -
7 5 IIa–IIb–III–IV - -
8 5 Ia - -
9 9 Ib–IIa–IIb–III - III
10 1 IIb - -
11 1 IIa–IIb–III IIb SLN -
12 13 IIa–IIb–III - III
13 16 IIa - -
14 18 IIa - -
15 7 IIa - -
16 5 IIb–III - -

SLN, sentinel lymph node; LN, lymph node.

vascular invasion and another one—with close margin. Therefore, 

we evaluated the potential of lymph flow guided strategy of defin-

itive or adjuvant radiotherapy/chemoradiotherapy in reduction of 

normal tissue irradiation according to three clinical models. The 

A B
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first was represented by the patient with the unilateral lymph flow 

to the I–IIa neck levels, the second by the unilateral lymph flow to 

levels I–III, and the third by the bilateral lymph flow. For each mod-

el we created plans for a standard bilateral elective LN irradiation, 

and a plan for lymph flow guided radiotherapy. 

The first model was represented by patient K. who had the unilat-

eral lymph flow to levels I–IIa. In this case, the clinical treatment 

volume could be decreased by 70%: from 1,224 cm3 (for a standard 

bilateral elective LNs irradiation) to 367 cm3 (for a lymph flow guid-

ed strategy); the mean dose absorbed by the cervical spinal cord 

could be reduced from 24.7 to 14.3 Gy (42%); the mean dose to the 

contralateral parotid gland from 24.6 to 12.4 Gy (51%) (Fig. 2). 

In 14 (53.8%) of 26 cases, the SPECT-CT data demonstrated that 

SLNs were localized at level III and proximally; whereby in five of 

those 14 cases the lymph flow pattern was unilateral. In addition, a 

very similar pattern of unilateral lymph flow to the LNs localized 

on levels I–IV was detected in other three patients. As an example, 

the comparative analysis of the standard and “lymph flow guided” 

radiotherapy plans of patient P. showed that with the unilateral ir-

radiation of LNs located at the levels I–III (model II) the clinical 

treatment volume decreased by 59%: from 1,209 to 485 cm3. This 

was associated with 26% and 70% reduction of mean doses ab-

Table 3. Localization of SLNs and LN metastases in patients with bilateral lymph flow from primary tumor

No. Distance from the tumor 
edge to median sulcus (mm)

Ipsilateral levels with 
SLNs

Contralateral levels 
with SLNs

Ipsilateral levels with 
metastatic LNs

Levels with recurrent 
LNs

1 8 IIa–IIb–III IIa–III No No
2 6 IIb IIb No Ia non-SLN ipsilateral
3 6 IIa–III IIa–III No IIa SLN contralateral
4 9 Ia–IIa–III IIa–III No No
5 6 IIa III No No
6 0 IIa–III IIa–III No No
7 0 IIb–III IIb No No
8 0 III III No No
9 6 IIa–III III No No
10 0 IIa–III IIa No No

SLN, sentinel lymph node; LN, lymph node.

Fig. 2. Treatment plan (dose distribution) for “lymph flow guided” radiotherapy of patient G with a unilateral localization of sentinel lymph 
nodes on the levels I–IIa in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for standard bilateral irradiation of neck lymph 
nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms demonstrated a significant advan-
tage of lymph flow directed irradiation confirmed with a dramatic reduction of the doses absorbed by cervical spinal cord (blue arrow), contra-
lateral parotid gland (white arrow) with simultaneous reduction of the total amount of irradiated tissues (green lines).

A G
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sorbed by the cervical spinal cord and contralateral parotid gland 

from 23.5 to 17.4 Gy and from 23.2 to 6.9 Gy, respectively (Fig. 3).  

In cases when SLNs were visualized at levels I–III on the involve-

ment side and at the II level of the contralateral side of the neck 

(model III), the comparative analysis of the standard and “lymph 

flow guided” radiotherapy plans shows that the clinical treatment 

volume could be decreased by 37% from 629 to 397 cm3. It was 

associated with 19% and 6% reduction of mean doses absorbed by 

the cervical spinal cord and contralateral parotid gland from 26.9 

to 21.3 Gy and from 27.7 to 26.1 Gy, respectively (Fig. 4). 

Discussion and Conclusion 

In the present study we found out that the topography of SLNs 

could effectively predict localizations of metastatic LNs and hence 

be used for lymph flow guided radiotherapy. In particular, our re-

sults demonstrate that 61.5% of patients with oral tongue cancer 

had a unilateral lymph flow to cervical LNs. Moreover, in patients 

with lateralized primary lesions the unilateral SPECT-CT localization 

of “hot” LNs was mentioned in 73.2% cases. In the SUSPECT study 

[8], the authors also revealed the prevalence (in 80% cases) of the 

unilateral lymph flow in patients with lesions not crossed by the 

median sulcus of the tongue. 

According to data obtained by Farmer et al. [17], a unilateral 

lymph flow from the oral carcinoma was detected in 107 of 140 pa-

tients (76% cases). It may be assumed that patients with a unilater-

al lymph flow pattern are subjects to a unilateral LNs dissection 

and/or cervical LNs irradiation only on the side of the visualized LNs. 

The approach mentioned above is supported by the data obtained 

by the EORTC study [18]. Literature analysis performed by Al-

Mamgani et al. [7] reports that after a unilateral LNs dissection in 

1,116 patients with head and neck cancer, contralateral LNs recur-

rences were found only in 2.4% of cases. However, this number in-

creased to 12.1% in case of a medial lesion. According to Singh et 

al. [19], the frequency of contralateral metastases in patients with 

tumor crossing midline can reach 29%. This can be explained by a 

high frequency of a bilateral lymph flow in this category of patients. 

Our results indicate that 38.5% of the evaluated patients with oral 

tongue cancer had SPECT-CT signs of a bilateral lymphatic drainage 

into the cervical LNs, whereas in 40% of those cases the primary 

tumor was localized medially, crossing the median sulcus. 

Thus, our results and the literature data indicate that the bilater-

al LNs dissection and/or irradiation must be considered in patients 

with a bilateral lymph flow pattern. On the contrary, the presence 

of a unilateral lymphatic drainage suggests the opportunity for 

unilateral treatment interventions. In addition, we revealed that in 

all cases LN metastases detected pathologically or revealed during 

the follow-up were localized proximally or at the same levels as 

“hot” LNs detected by SPECT-CT examination (as an additional ar-

gument in favor of a lymph flow guided treatment strategy). 

The results of 3D modeling demonstrate that according to the 

concept of lymph flow guided radiotherapy in case of a unilateral 

Fig. 3. Treatment plan for “lymph flow guided” radiotherapy of patient P with a unilateral localization of “hot” lymph nodes (with uptake of 
99mTc-phytate) on levels I–IV dose distribution in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for standard bilateral irra-
diation of neck lymph nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms demonstrat-
ed a significant reduction of the doses absorbed by contralateral parotid gland (white arrow, blue lines), cervical spinal cord (blue arrow) with a 
simultaneous reduction of the total amount of irradiated tissues (green lines).
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Fig. 4. Patient C with a bilateral drainage from the primary lesion at SPECT-CT examination uptake of 99mTc-phytate was detected in lymph 
nodes of the I–III levels on the side of the tumor, and in lymph nodes of the II level on the contralateral side. Treatment plan for “lymph flow 
guided” radiotherapy of patient C on dose distribution in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for a standard bi-
lateral irradiation of neck lymph nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms 
demonstrated small reduction of the doses absorbed by the contralateral parotid gland (yellow lines), cervical spinal cord (blue arrow) with a 
simultaneous reduction of the total amount of irradiated tissues (green lines). SPECT-CT, single photon emission computed tomography-com-
puted tomography.

drainage the volume of irradiated normal tissues can be reduced 

more than two times. Daisne et al. [12] come to the same conclu-

sion: irradiation of LNs according the topography of SLNs can re-

duce the planning treatment volume by a factor of 2. Jellema et al. 

[20] calculated that this dramatic reduction of the irradiated vol-

ume could decrease the frequency of dysphagia and xerostomia 

from 18.1% to 6.8% and from 14.5% to 1%, respectively. de Veij 

Mestdagh et al. [21] evaluate the dosimetric benefits of SPECT-CT 

guided irradiation of neck LNs and the probability of normal tissue 

complications. The authors concluded that the unilateral irradiation 

of neck LNs in patients with a unilateral lymphatic drainage reduc-

es the frequency and severity of dysphagia, hypothyroidism and la-

ryngeal edema. In particular, they calculated that the probability of 

xerostomia would be reduced from 43.3% to 22%, dysphagia from 

18.1% to 6.8%, hypothyroidism from 44.4% to 20.2%, and laryn-

geal edema from 24% to 7%.  

The possibility for further reduction of the LN clinical target vol-

ume when it is limited by irradiation of LNs levels that contain ra-

dioactive (“hot”) LNs looks very attractive but must be implement-

ed in clinical practice with caution. According to the SENT multi-

center prospective study that included 434 patients with сТ1-

2N0M0 squamous cell oropharyngeal cancer, 96% of the metastat-

ic LNs were located at the same levels as the SLNs visualized with 

SPECT-CT, and in most cases those were the nodes localized at lev-

els I–III [22]. Miura et al. [23] report that in 57 patients with сТ2-

3N0M0 squamous cell oropharyngeal cancer SLNs were detected 

only at levels IV–V in 6%, and never had signs of a metastatic in-

vasion. The SUSPECT trial [8] also reports that in patients with oral 

cancer SLNs in most cases are localized at levels II–III. Sagheb et al. 

[24] point out that in patients with сT1-2N0M0 oral tongue cancer 

the risk of occult LNs metastases is around 30%. However, they did 

not find any LN involvement distally to the level containing SLNs. 

These data indicate that in 13 of 26 patients included in our study 

the radiotherapy volume can be limited by a unilateral irradiation 

of the LNs localized at levels I–II or I–III. However, one has to be 

aware that the implementation of this treatment strategy may well 

lead to the increase of regional recurrences and therefore needs to 

be evaluated during the ongoing and planning prospective trials. 

Our study has several important limitations. The main is that ra-

diotherapy is usually indicated in patients with metastatic LNs. In 

our study the analysis was performed in patients without clinical 

signs of LN involvement. It would be important to validate the ob-

tained data on LN positive population. Next, according to the insti-

tute treatment guidelines most of the patients underwent a unilat-

eral LNs dissection, and the risk of contralateral LNs involvement 

was mainly assessed on the basis of a 2-year follow-up which can 

be insufficient for a confident conclusion. Nevertheless, we can 

make some important conclusions. (1) The unilateral lymph flow 
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from the primary lesion strongly correlated with lateral localization 

of this lesion. (2) In patients with oral tongue cancer and unilateral 

SPECT-CT localization of SLNs there was no case of contralateral 

metastases. (3) The histologic data and results of the follow-up 

demonstrate a high correlation between the levels containing SLNs 

and the topography of metastatic LNs. These data support the as-

sumption that the lymph flow guided strategy is a reliable means 

of personalizing radiotherapy volumes. (4) It was shown that the 

reduction of the clinical target volume to neck levels containing 

SLNs could significantly reduce the cumulative volume of irradiat-

ed normal tissues and the mean dose to the critical organs at risk. 
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