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ABSTRACT

Background: There is debate if the lymphatic drainage pattern of oral maxillary cancer is 
to the retropharyngeal lymph nodes or to the cervical lymph nodes. Insight in drainage 
patterns is important for the indication for neck treatment. The purpose of this study 
was to identify the lymphatic drainage pattern of oral maxillary cancer via preoperative 
lymphoscintigraphy. 

Methods: Eleven consecutive patients with oral maxillary cancer treated in our center 
between December 01, 2012 and April 22, 2016 were studied. Sentinel lymph nodes 
identified by preoperative lymphoscintigraphy after injection of 99mTc-nanocolloid and by 
intraoperative detection using a γ-probe, were surgically removed and histopathologically 
examined. 

Results: In 10 patients, sentinel lymph nodes were detected and harvested at cervical levels 
I, II or III in the neck. In 2 patients a parapharyngeal sentinel lymph node was detected. One 
of the harvested sentinel lymph nodes (1/19) was tumor positive. 

Conclusion: This study suggests the likelihood of 73% of exclusively cervical level I-III SLNs 
in oral maxillary cancer.
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INTRODUCTION

Carcinomas of the oral cavity metastasize predominantly by the route of the lymphatic 
vessels to the lymph nodes in the neck. Removal of the lymph nodes by neck dissection is 
an important part of the treatment of oral cavity cancer and improves disease outcome [1]. 
The risk of having metastasis from oral squamous cell carcinoma (OSCC) is influenced by 
tumor characteristics such as localization, infiltration depth and stage [2,3]. 

Each region of the oral cavity has a specific lymphatic drainage pattern that is used by 
surgeons to plan the patient specific treatment [4]. Oral maxillary cancer is relatively rare 
compared with other anatomic subsites of oral cavity cancer (e.g. tongue and floor of 
mouth) and is rarely included in studies on oral lymphatic drainage patterns [4-6]. Lack of 
evidence on the lymphatic drainage patterns of oral maxillary cancer has led to a variety of 
guidelines on the treatment of the clinical negative (cN0) neck; watchful waiting, elective 
neck dissection (END) or radiotherapy. ENDs are recommended if the probability of a 
lymph node metastasis exceeds 20% [7]. Traditionally, neck dissections were reported to 
be uncommon in oral maxillary cancer, which has been based on a low regional failure 
rate in a few studies with different definitions of oral maxillary cancer from the previous 
century [8,9]. Another reason for restraining neck dissections were a few reports about 
parapharyngeal regional failure in a study with oral maxillary and sinus maxillary cancer 
[10]. Surgical treatment of the parapharyngeal space is technically challenging and mostly 
radiotherapy is given. More recent studies have investigated maxillary OSCC specifically and 
found a regional lymph node metastasis rate at least as high as other regions of the oral 
cavity, especially in the cervical lymph nodes; overall incidence range regional failure 14 
-38% [11-18]. Because of these new insights in regional metastases rates, several authors 
recommend an END in case of cT3-4N0 tumors and also to consider an END in cT1-2N0 
maxillary OSCC [11-14,16-19].

Because ENDs are indicated in maxillary OSCC, these patients might possibly benefit from 
a sentinel lymph node biopsy (SLNB), which is accepted as a minimal invasive alternative 
for an END in early stage oral cavity cancer [20]. However, as far as we know, no literature is 
available for the location of the sentinel lymph node in maxillary OSCC. Better insight into 
the lymphatic drainage pattern, especially in the location of the sentinel lymph node, is 
needed to make a clear decision in treatment of the cN0 neck in maxillary OSCC [18]. We 
hypothesized that the sentinel lymph node in patients with maxillary OSCC is located at 
cervical levels because retrospective studies have shown that late metastasis of maxillary 
OSCC occur in these cervical levels. The purpose of this study was to identify the lymphatic 
drainage pattern of oral maxillary cancers via preoperative lymphoscintigraphy which was 
executed as part of the SLNB procedure.
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MATERIAL AND METHODS

Patient selection
All consecutive patients diagnosed with oral maxillary cancer at the Department of Oral & 
Maxillofacial Surgery of the University Medical Center Groningen between December 01, 
2012 and April 22, 2016, were included in the analysis if they had a primary oral tumor located 
at the hard palate or alveolar bone. Patient characteristics are given in Table 1. Information 
regarding patient characteristics, clinical and pathological tumor characteristics and 
diagnostic imaging data was collected retrospectively. All patients were treated according 
to the Dutch National guidelines for oral cavity cancer [21]. Because SLNB is part of this 
guideline, no approval was required from the hospital research ethics board according to 
the Dutch ethical regulations [22]. 

Table 1. Patient and tumor characteristics 

Patient 
# Sex

Age at 
treatment

Tumor 
morphology Location Tumor cTN pTN

1 Female 75 OSCC Upper gum right side T1N0 T2N2b

2 Female 64 OSCC Upper gum left side T1N0 T1N0

3 Female 90 OSCC Upper gum right side T4aN0 T4aN0

4 Female 73 OSCC Hard palate right side, close 
to midline

T4aN0 T4aN0

5 Female 60 OSCC Upper gum left side, close to 
midline

T4N2b/c T4N0

6 Male 77 OSCC Upper gum left side, close to 
midline

T4N0 T4N0

7 Female 54 Melanoma Hard palate right side, close 
to midline

T4N1 T4N2b

8 Male 70 OSCC Upper gum left side, close to 
midline

T4aN0 T4aN2b

9 Female 88 OSCC Hard palate left side, close to 
midline

T2N0 T2N0

10 Female 65 OSCC Upper gum, midline and 
right side

T1N0 T2N0

11 Male 66 OSCC Upper gum right side T4N0 T2Nx*

Abbreviations: cTN; clinical TN classification, pTN; pathological TN classification, OSCC; oral squamous cell carcinoma.

* Patient #11 had no detectable SLNs at the lymphoscintigraphy
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Sentinel lymph node procedure
The SLNB procedure was performed as described earlier [23]. Briefly, 1 day before operation 
99mTc-nanocolloid was injected peritumorally at 4 locations; median 100 MBq (range 60- 
100 MBq). Slow infiltration of the tracer is required to inject successfully in the oral maxilla 
without leakage. Injection was immediately followed by dynamic lymphoscintigraphy for 
20 minutes in anterior or oblique views (20 x 60 s, 128 x 128 matrix) and static images (300 s, 
256 x 256 matrix) in 2 directions; anterior and lateral. The static images were repeated after 
2 to 4 hours, followed by a Single Photon Emission Computed Tomography (SPECT)-CT 
scan of the head and neck using a 2-headed gamma camera equipped with parallel-hole 
ultra-high resolution collimators and a 2-slice CT scanner (32 views of 20 s, 128 x 128 matrix; 
mAs 30, kV 110, 3.0 mm slice; Siemens, Knoxville, TN). After these images, the position of the 
sentinel lymph node was marked on the overlying skin by using a 57Cobalt point-source-
marker and a γ-probe. The first focus on lymphoscintigraphy, in any direction of the tumor, 
was considered as the sentinel lymph node. All the lymph nodes with their own lymphatic 
track directly from the tumor were marked as sentinel lymph node. Neither number nor 
neck level were restricted for the sentinel lymph nodes. The lymphoscintigraphy images 
used in this study were all revised by a senior nuclear medicine physician (A.H.B.).

Surgical procedure
Patients were operated within 24 hours after the lymphoscintigraphy with resection of 
the tumor and staging of the neck by SLNB. In 5 patients, this was combined with a neck 
dissection. The SLNB side depended on the location and size of the tumor and prior neck 
treatment. In case of a small tumor, a tumor close to the midline, or a tumor crossing the 
midline, respectively, an ipsilateral, contralateral, or bilateral SLNB was indicated (Table 2). 
All lymph nodes with a high signal on the γ-probe at the marked position on the skin were 
harvested and marked as sentinel lymph nodes. Because of the conglomeration of lymph 
nodes, it is not always possible to separate 1 lymph node with a high signal during an 
operation. In that case, more harvested lymph nodes were marked as SLNs at one location. 
In several patients, a few additional non-radioactive lymph nodes close to the sentinel 
lymph node were also harvested to ensure sentinel lymph collection. These additional 
lymph nodes were separated ex vivo from the sentinel lymph nodes by using the γ-probe. 
Blue dye was not used intra-operatively in our cohort.

Histopathological examination 
The histopathological examination of the sentinel lymph node is also described earlier 
[23]. Briefly, step-serial-sectioning of the entire sentinel lymph node was performed in our 
center with an interval of 500 µm. All levels were stained with hematoxyline-eosine and for 
immunohistochemistry with pan-cytokeratin antibody (AE 1/3). The additionally harvested 
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non-sentinel lymph nodes were investigated by routine histopathological examination 
(standard H&E staining, without step-serial-sectioning or additional immunohistochemistry), 
or in some cases using step-serial-sectioning and both stainings. The sentinel lymph node 
slides were revised by a dedicated head & neck pathologist (B.v.d.V.). 

Table 2. Sentinel lymph node biopsy information

Patient 
# SLNB side

Ipsilateral 
neck surgery

Parapharyngeal 
SLN*

No. of harvested 
SLNs†

No. of harvested 
non-SLNs

1 Ipsilateral SLNB None 3 1

2 Ipsilateral SLNB Yes, ipsilateral 1 0

3 Contralateral None‡ None 2 2

4 Contralateral END None 1 0

5 Contralateral END None 1 0

6 Contralateral END None 1 1

7 Contralateral MRND Yes, contralateral 4 2

8 Contralateral MRND None 1 0

9 Bilateral SLNB None 2 1

10 Bilateral SLNB None 3 0

11§ NA NA None 0 0

Abbreviations: SLNB; sentinel lymph node biopsy, END; elective neck dissection, MRND; modified radical neck dissection, SLN; 
sentinel lymph node, No.; number. 
* Parapharyngeal SLN detected with lymphoscintigraphy. 
† Number of harvested lymph nodes marked as SLNs 
‡ Ipsilateral treated by END and radiotherapy in the past 
§ Patient #11 had no detectable SLNs at the lymphoscintigraphy

RESULTS

Patients
In total, 11 patients with oral maxillary cancer were analyzed: 10 patients with primary 
maxillary OSCC and 1 patient with a primary maxillary mucosal melanoma (Table 1), 3 men 
and 8 women aged between 54 and 90 years at the time of treatment. Two patients had 
previous OSCC treated by resection, neck dissection and postoperative radiotherapy at the 
same side (patient #3) and the other side (patient #9) as the maxillary OSCC tumor. Patient 
#11 had previous treatment with neck dissection and radiotherapy because of a pN3 OSCC 
metastasis by unknown primary.
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Sentinel lymph node locations
All SLNBs were performed without complications and all cervical located sentinel lymph 
nodes were intra-operatively identified and removed. In 10 patients, the sentinel lymph 
nodes were visible on lymphoscintigraphy at cervical level I, II or III. In Figure 1, the locations 
are given of these cervical sentinel lymph nodes on lymphoscintigraphy at the side planned 
for SLNB. Only in 2 patients a parapharyngeal sentinel lymph nodes was visible in addition 
to other sentinel lymph nodes at cervical level II (Figure 2). In patient #2, the sentinel lymph 
node was located retromaxillary at the ipsilateral side, and in patient #7 the sentinel lymph 
node was located retropharyngeally at the contralateral side. In the other 9 patients no 
parapharyngeal sentinel lymph node was detected (Table 2). During surgery, 19 lymph 
nodes with a high radioactive signal on the γ-probe were harvested at the marked positions 
on the skin (Table 2). In patients 1, 3, 6, 7 and 9, additional non-radioactive harvested lymph 
nodes were separated from the SLNs using the γ-probe. The SLNB was performed bilaterally 
in 2 patients. Two patients had a SLNB at the ipsilateral side and in 6 patients, the SLNB was 
performed at the contralateral side in the neck compared to the tumor side (Table 2). In 
patient #11, no sentinel lymph node was visible at the lymphoscintigraphy after injection of 
100 MBq 99mTc-nanocolloid. The tumors ranged in pathological T classification from T1 to T4.

Figure 1. Positions of sentinel lymph nodes (SLNs) on the lymphoscintigraphy separated 
for the ipsilateral and contralateral sides compared to the tumor. Numbers in the red stars 
correspond with the patients in the tables and each star is one hot spot on the lymphoscintigraphy. 
More contralateral SLNs were imaged because only the SLNs on the side that was planned for the 
sentinel lymph node biopsy are shown (see also Table 2). Patient #11 had no detectable SLNs at the 
lymphoscintigraphy.
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Figure 2. Four examples of lymphatic drainage patterns in oral maxillary cancer. To illustrate 
our cohort, 4 of the 8 included patients with oral maxillary cancer are shown. (1A–1C) Patient #10 
with a small tumor in the midline was planned for a bilateral sentinel lymph node biopsy (SLNB). 
On both the transversal (B) and coronal (C) slides of the single photon emission CT (SPECT)-CT scan, 
are the sentinel lymph nodes (SLNs) visible in the cervical levels. (2A–2C) Patient #8, planned for a 
contralateral SLNB, with a tumor close to the midline (big radioactive spot on the coronal slides B 
and C) and bilateral SLNs in the cervical neck levels at the SPECT-CT scan. (3A–3C) Patient #7 with 
a melanoma in the hard palate close to the midline and planned for a contralateral SLNB. This is the 
patient in whom a retropharyngeal SLN was visible on the SPECT-CT scan (3B, red arrow), besides the 
SLNs at the cervical level (3C). (4A–4C) Patient #2 with an upper gum tumor on the left side. This is 
the patient with a retromaxillary SLN (4B, red arrow), besides a cervical SLN at level II (4C, green arrow; 
hardly visible at this slide).

In patient #1, 1 of the 3 resected sentinel lymph nodes at level II was tumor positive by 
histopathological examination with a metastasis size of 6.6 mm in diameter and without 
extranodal growth. All additional harvested lymph nodes were negative for regional 
metastasis. 

DISCUSSION

Because of ongoing debate on the route of lymphatic drainage of maxillary OSCC, 
we studied the lymphatic drainage pattern of oral maxillary cancer via preoperative 
lymphoscintigraphy. Insights in lymphatic drainage patterns of oral maxillary cancer are 
important to determine if an END is adequate treatment of the neck in maxillary OSCC. In 
10 patients, sentinel lymph nodes were detected by lymphoscintygraphy at cervical level 
and these sentinel lymph nodes could be harvested during surgery on the ipsilateral or 
contralateral side at cervical levels I, II or III. Eight patients (73%) had exclusively cervical 
located sentinel lymph nodes and only in 2 patients (18%) parapharyngeal sentinel lymph 
nodes were detected on lymphoscintigraphy, in combination with cervical sentinel lymph 
nodes. Therefore, the common location of the sentinel lymph nodes of oral maxillary cancer 
at the cervical neck levels, indicates the potential use of the SLNB procedure in maxillary 
OSCC. 

Because of the retrospective study design, lymphoscintigraphy information from both neck 
sides was not available for all patients. When a (elective) neck dissection was indicated 
at the ipsilateral side compared to the tumor, only the contralateral lymphoscintigraphy 
information was available. Three patients (numbers 3, 9 and 11) were not excluded 
despite of previous neck treatment by neck dissection. A prospective study design with 
lymphoscintigraphy of both neck sides and without previously treated patients would be 
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recommended to study the accuracy of the SLNB in oral maxillary cancer. However, in this 
study they were not excluded because the still highly valuable information for clinicians; 
still existing drainage patterns to sentinel lymph nodes at cervical level in previously treated 
patients. Patient #11 had no visible sentinel lymph nodes at the lymphoscintigraphy more 
than 20 years after previous treatment with neck dissection and radiotherapy. Absence of 
detectable sentinel lymph nodes could be explained by the previous treatment of the neck, 
however other studies shows also a few patients without detectable sentinel lymph nodes, 
even when they had no previous neck treatment [20,24]. 

For a long time, a low metastasis rate of oral maxillary cancer has been the general view, 
probably driven by earlier results of low regional failure in oral maxillary cancer combined 
with a possible parapharyngeal lymphatic drainage pattern, there was no indication for an 
END [10]. However, more recent studies reported the cervical metastasis rate for maxillary 
OSCC is at least as high as OSCC originating from other anatomic regions. Also, in case of 
watchful waiting, a lower survival rate was reported when patients developed late metastasis 
[11,14,16-19]. The higher metastasis rate and the shorter survival of maxillary OSCC with 
regional metastasis have indicated the need for ENDs in maxillary OSCC, especially in pT3-
4 but also in pT1-2 tumors [11-17]. Although ENDs are effective in preventing regional 
recurrences at the cervical level, it still leads to 70% overtreatment and possible morbidity 
(e.g. reduced shoulder movement, pain or lymph edema) [7,25,26]. To reduce overtreatment 
of the neck and to lower the complication rate, SLNB has been introduced in OSCC [23]. 
Recently, Den Toom et al. have shown that SLNB in OSCC adequately selects patients 
with cT1-T2N0 OSCC for additional neck dissection or follow-up (sensitivity of 93% and a 
negative predictive value of 97%). In that study, the sentinel lymph node identification rate 
by preoperative lymphoscintigraphy was 98% [20]. However, patients with maxillary OSCC 
were not included in that study. 

In this single-center retrospective study only 11 patients, with different tumor pathology 
and tumor status, could be analyzed because of the relative rarity of this tumor location. 
Based on our results it seems that oral tumors located at the maxilla also preferentially 
and frequently drain to the cervical neck levels and not so much parapharyngeally. We 
hypothesize that when the SLNB procedure shows a sentinel lymph node either in the 
neck or parapharyngeally, a personalized strategy should be applied. If accessible, the 
sentinel lymph node could be surgically removed and if the sentinel lymph node is located 
parapharyngeally, radiotherapy could be considered, depending on the risk of metastasis. 
The results of this small heterogeneous cohort support the need for further studies to assess 
lymphatic drainage routes and the possible diagnostic value of the SLNB in maxillary OSCC.
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CONCLUSION

This study suggests the likelihood of 73% of exclusively cervical level I to III located SLNs in 
oral maxillary cancer, with up to 18% of cases with a combination of parapharyngeal and 
cervical located SLNs. Therefore, it seems feasible to perform a SLNB in case of maxillary 
OSCC. However, this study only describes the lymphatic drainage patterns and not the 
SLNB accuracy in oral maxillary cancer. 
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