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Abstract

Purpose To investigate the feasibility of lymph drainage mapping (LDM) using SPECT/CT to help select head and neck
cancer (HNSCC) patients for unilateral elective neck irradiation (ENI). Patients with lateralized HNSCC treated with radio-
therapy routinely undergo bilateral ENI, despite the incidence of contralateral regional failure being relatively low even after
unilateral ENI. We hypothesized that patients with a lateralized tumor without visible lymph drainage to the contralateral
neck have an extremely low risk of contralateral involved nodes. Excluding the contralateral neck from elective irradiation
will reduce radiation-induced toxicity and improve quality-of-life.

Methods Fifty-five patients with lateralized cT1-3N0-2bM0O HNSCC not crossing the midline underwent LDM. Radiolabeled
99mTe-nanocolloid was injected in 4—5 depots around and in the primary tumor. Lymph drainage patterns were visualized
using planar scintigraphy and SPECT/CT after 4 h. We report on the incidence of contralateral drainage, the location of
draining areas, and the size of underlying nodes.

Results Lymphatic drainage was successfully visualized in 54 patients (98%). In 11 patients (20%) with visible contralateral
drainage, 14 draining areas (16 nodes; median volume 0.50 cc, diameter 8.0 mm) were identified. Neck levels with contralat-
eral drainage were level II (88%), III (25%), and IV (13%). Contralateral drainage was significantly higher in T3 compared
to T1-2 tumors (45 and 14%, respectively, P=0.035).

Conclusion SPECT/CT-guided LDM is feasible and can be used to guide unilateral ENI in HNSCC patients in prospective
studies. In addition, the anatomical confidence in visualization of contralateral drainage indicates a potential for ENI limited
to draining levels alone.

Keywords Lymphatic drainage - Sentinel node - Head and neck cancer - SPECT/CT - Radiotherapy

Introduction

The prevalence of regional lymph node metastases in head
and neck squamous cell carcinoma (HNSCC) is high, also to
the contralateral side of the neck, and is an important prog-
nostic factor for survival [1, 2]. Out of concern for contralat-
eral regional failure (cRF), all patients with HNSCC who are
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[3-5]. Nevertheless, the treatment paradigm of bilateral elec-
tive nodal irradiation (ENI) remains basically unchanged.

Bilateral irradiation and the use of large radiation treat-
ment volumes are, together with concurrent chemotherapy,
the most important predictors of increased toxicity and dete-
rioration of quality-of-life [6—8]. Reversely, exclusion of the
contralateral neck from the irradiation fields significantly
reduces radiation-related toxicity [9, 10]. A recently pub-
lished review of 11 studies on oropharyngeal cancer (OPC)
(1116 patients in aggregate) shows that for tumors with-
out midline involvement, the average incidence of cRF was
2.4% [11]. Surgical series with cNO HNSCC have reported
incidences of cRF<15% [12-15]. Hypopharyngeal car-
cinoma (HPC) and laryngeal carcinoma (LC) might have
higher incidence of contralateral metastases than OPC [16].
However, a recent report suggests that in case of lateralized
LC, the incidence of cRF is < 10% [17]. These excellent
oncologic outcomes led us to hypothesize that a less con-
servative approach with regard to the selection of patients
for unilateral ENI might be well justified in patients with
lateralized HNSCC [18].

One potential way to select candidates for unilateral ENI
is to evaluate lymph drainage patterns. Preoperative lym-
phoscintigraphy for lymph drainage mapping (LDM) in the
context of the sentinel node (SN) procedure has been shown
to reliably identify draining nodes of HNSCC. In the litera-
ture, the false-negative rate of SNB in HNSCC is < 10% [13,
19-22]. Single-photon-emission computed tomography cou-
pled with a computed tomography scan (SPECT/CT) has the
potential to detect more SNs than planar lymphoscintigraphy
alone [23], thereby theoretically increasing the diagnostic
accuracy. An even higher rate of SN identification was found
in a multicenter study using *™Tc-tilmanocept for sentinel
node biopsy (SNB) procedure in patients with intraoral and
cutaneous HNSCC. The reported negative predictive value,
false negative, and overall accuracy rates were 97.8, 2.56,
and 98.8%, respectively [24]. Importantly, most false nega-
tives in SNB are caused by lymph nodes in close proxim-
ity to the primary tumor (e.g., in floor-of-mouth tumors).
The lymph drainage pattern seen on SPECT/CT is thus very
accurate, especially in the contralateral neck, which is posi-
tioned away from the primary tumor. We hypothesize that
in the absence of visible lymph drainage to the contralateral
neck on SPECT/CT, the incidence of contralateral involved
lymph nodes will be very low, and well below the incidence
in patients that do have visible lymph drainage. Therefore,
LDM with SPECT/CT might guide safe exclusion of the
contralateral neck from ENI.

At our institution, we initiated a proof-of-concept study,
the SUSPECT study (mapping of sentinel lymph node drain-
age using SPECT to tailor ENI in node-negative neck of
patients with head and neck cancer) (ClinicalTrials.gov
Identifier NCT02572661). The aim of this study was to
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investigate the role of SPECT/CT for the LDM in patients
with lateralized HNSCC; to identify the levels at risk to har-
bor occult metastases; and to exclude the contralateral neck
from ENI when there was no draining SN on that side. The
accrual started in July 2015 and closed in October 2017.
While awaiting maturation of the outcome and toxicity data,
we present the findings of LDM using SPECT/CT.

Materials and methods
Ethical consideration

This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the local research eth-
ics committee (Medical Research Ethics Committee of the
Netherlands Cancer Institute/Antoni van Leeuwenhoek, pro-
tocol ID: NL15706.031.14). Informed consent was obtained
from all individual participants included in the study.

Patient inclusion

In the SUSPECT study, LDM was performed using SPECT/
CT scans prior to radiotherapy of lateralized HNSCC. Eli-
gible for inclusion was newly diagnosed patients with pri-
mary HNSCC (T1-3N0-2bM0, American Joint Committee
on cancer 7th edition [25]) located in the oral cavity, oro-
pharynx, larynx (except T1 glottic), and hypopharynx, not
crossing the midline and planned for treatment with (chemo)
radiotherapy in curative setting. Patients with extra-capsular
extension, patients with N2b disease with more than three
involved lymph nodes, and patients with clinically posi-
tive contralateral lymph nodes were excluded. All patients
received the standard work-up for diagnosis and staging of
HNSCC, consisting of ultrasound-guided fine-needle aspira-
tion cytology, contrast-enhanced CT scan and/or MRI, FDG-
PET/CT, and endoscopy under general anesthesia.

Lymph drainage mapping

The radioactive tracer was administered during endoscopy
under general anesthesia (or in case of an accessible tumor
of the oral cavity and oropharynx under local anesthesia)
by a head and neck surgeon with expertise in the SN tech-
nique. Prior to injection, it was clinically confirmed that the
primary tumor was not crossing the midline. A syringe with
180 MBq (4.86 mCi) 9mTechnetium-labelled nanocolloid
(Nanocoll, Nycomed Amersham, Sorin, Italy), in a volume
of 2 cc with 0.05 mg nanocolloid, was on-site connected
by the nuclear medicine physician to a long biopsy needle
(18G %25 cm, Bard Peripheral Vascular, Tempe, USA) using
a flexible 15 cm luer-lock connectable line (Lectro-cath,
Vygon, Ecouen, France). The activity was pushed towards
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the tip of the needle. The tip of the needle was positioned
at four locations in the mucosa around the primary tumor
at 3 mm from macroscopic tumor edges, and preferably at
a fifth location deep in the center of the tumor in case of
larger tumors. The needle placement at each location was
well-verified to avoid tracer spillage. Then, a volume of
0.2 cc was injected in each location, to create 4—5 depots of
approximately 18 Mbq (0.49 mCi) each. Remaining activity
in the syringe and needle was measured after the injection
procedure to calculate the net administered dose, and was
then discarded according to radiation hygiene regulations.
Planar scintigraphic imaging and SPECT/CT of the
neck were acquired using a dual-head SPECT/CT gamma
camera (Symbia T, Siemens, Erlangen, Germany). Imag-
ing was performed at 4 + 1 h after administration, to allow
for adequate tracer distribution with maximum sensitivity
for contralateral drainage. Planar images were acquired
from anterior, left anterior oblique with the head turned to
the right, and right anterior oblique with the head turned
to the left. SPECT acquisition parameters were 256 X 256
matrix, zoom of 1.0, 2 heads, 180° rotation with 20 views
per head (30 s per view). Low-dose CT parameters included
40 mAs, 130 kV, B30s kernel, axial reconstruction with
2 mm slice thickness and interval. The low-dose CT images
were applied for anatomical correlation with SPECT, and
for attenuation correction and scatter correction of SPECT

images. For image reading SPECT, CT and fused SPECT/
CT were displayed using orthogonal multiplanar reconstruc-
tion, maximum intensity projection, and volume rendering.
The planar and SPECT images were evaluated visually for
lymphatic drainage to the contralateral neck side, noting all
positive nodal levels on both sides of the neck. The hotspot
containing the tracer accumulation at SPECT/CT will fur-
ther be denoted as ‘draining area’.

The SPECT/CT images were compared with the radio-
therapy planning CT scan to localize anatomical substrates
that correlated with tracer accumulation, and visible nodes
were delineated. The volume and greatest diameter in the
axial plane were then calculated for each substrate. Clini-
cally positive lymph nodes, based on prior imaging, were
excluded from the volumetric analysis of the anatomical
substrates seen on the corresponding slices of the CT scan.

Results

Sixty-one patients were included in the SUSPECT study.
Six patients were excluded during further clinical work-up
for having a T4 tumor (n=23), N2c neck (n=2), or histol-
ogy other than squamous cell carcinoma (n=1), leaving 55
patients who are the subject of the current analysis (Fig. 1).
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Patients excluded before SPECT/CT (n=6)
T4 tumor (n=3)
N2c tumor (n=2)
Histology other than squamous cell
carcinoma (n=1)
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Bilateral drainage, 1 draining area in contralateral neck
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Fig. 1 Patient inclusion flow chart. TORS transoral robotic surgery
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Figure 2 shows the location and extension of the tumor of
the first patient included in the study.

Table 1 shows the characteristics of the included patients.
All 55 patients underwent the procedure of LDM, and fin-
ished the whole procedure of tracer injection and SPECT/
CT without additional pain, discomfort, complications, or
hospital admission. In nine patients with accessible tumors,
the tracer was injected under local anesthesia. In all other
patients, the injection was done during planned endoscopy
under general anesthesia.

In one patient, no drainage was seen on either side of
the neck, indicating a failed procedure (non-visualization),
resulting in a visualization rate by SPECT/CT of 98%. In the
other 54 patients, at least one draining area was identified
(median 2, range 1-9) (Table 2).

A total of 137 draining areas were visualized on the
SPECT scan. Of these, 123 were ipsilateral and 14 con-
tralateral. When correlating these draining areas with the
corresponding CT slices, no measurable anatomical sub-
strates were identified in 17 areas (12%), while in the other
120 areas, 133 measurable substrates were identified that
were considered the corresponding lymph nodes (mean of
2.44 nodes per patient). Median volume and median largest
diameter of these draining lymph nodes were 0.39 cc (range
0.01-2.64 cc) and 8.0 mm (range 3—-20 mm), respectively.
The SPECT/CT scan of the first patient included in the study
is shown in Fig. 3, demonstrating the tracer depot at the
site of the primary tumor and the three draining areas with
gradually decreasing intensity of the tracer accumulation by
increasing distance from the primary tumor. Figure 4 dem-
onstrates the correlation of draining areas with the presence
or the absence of underlying anatomical substrates in two
different patients.

Of the 54 evaluable patients, 43 (80%) had only ipsilateral
drainage. In 11 patients (20%), bilateral drainage was seen

on SPECT/CT; 9 of them had only 1 draining area, and the
other 2 patients had more than one draining area contralat-
erally. In these 11 patients, we visualized 14 draining areas
on the contralateral side, with 16 underlying lymph nodes
(median volume 0.50 cc, median diameter 8.0 mm). Table 3
provides information about the number of draining areas
per patient, the size, and volume of the nodal substrate if
visualized and shows the distribution of the visualized drain-
ing areas among the neck levels of the whole group and by
tumor sites. Contralateral drainage was predominantly seen
in level 2 (64%) and in levels 3 and 4 (both 27%). In patients
with OPC and oral cavity cancer (OCC), the contralateral
drainage was mainly seen in level 2 (88%) and level 3 (25%)
and in patients with LC and HPC in level 4 (67%) and level
3 (33%).

Table 4 illustrates the incidence of contralateral drain-
age by different tumor characteristics. A significantly higher
incidence of contralateral drainage was seen in T3 tumors,
compared to T1 and T2 (45 vs. 14%, respectively, P=0.035).
Logistic regression showed no significant effect of tumor
volume, tumor thickness or distance to the midline on the
likelihood of contralateral drainage.

Discussion

To the best of our knowledge, this is the largest series to
date reporting on the findings of SPECT/CT-based LDM
in patients with lateralized HNSCC treated primarily with
radiotherapy. In this proof-of-concept study, we investigated
the role of SPECT/CT-guided LDM in identifying the con-
tralateral drainage from lateralized HNSCC to more accu-
rately select patients for unilateral ENI.

The visualization rate of draining areas was 98%. The
pattern of ipsilateral lymph drainage reported in our study

Fig.2 Imaging of the first patient included in the study. This patient
had a ¢T3NO oropharyngeal carcinoma (indicated by arrows), extend-
ing from the left tonsillar fossa to the base of the tongue, without

@ Springer

midline involvement. Shown are the clinical photo (a), the PET-CT
(b), and MRI (c) images
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Table 1 Patient demographics (n=155)

Table 2 Results of SPECT/CT (n=55)

Characteristic N % N %
Age: range (median) in years 39-81 (62) Lymphatic drainage on SPECT/CT
Gender No lymphatic drainage detected 1 2
Male 46 84 Only ipsilateral draining areas identified 43 78
Female 9 16 Also contralateral draining areas identified 11 20
Tumor site Only one contralateral draining area 9 82
Oropharynx 41 75 >2 contralateral draining areas 2 18
Oral cavity 2 4 Number of draining areas on SPECT/CT per patient
Larynx 7 13 Any side: range (median) 0-9(2)
Hypopharynx 5 9 Ipsilateral: range (median) 0-6 (2)
T-classification Contralateral: range (median) 0-3 (0)
T1 12 22 Any side, in node-negative patients: range (median) 14 (2)
T2 32 58 Any side, in node-positive patients: range (median)  0-9 (2)
T3 11 20 Total number of draining areas on SPECT/CT in all 137
N-classification patients
NO 16 29 Ipsilateral 123
N1 14 25 Contralateral 14
N2a 1 2 Correlation of draining areas with anatomical substrate on RT plan-
N2b? 24 44 ning CT scan
AJCC stage (7th edition) No corresponding anatomical substrate 17
I 5 4 Measurable anatomical substrate 120
II 11 20 SPECT/CT single-photon-emission computed tomography/computed
11 17 31 tomography, RT radiotherapy, CT computed tomography
IVA 25 45
HPV status in oropharyngeal cancer (n=41) 27-29]. When correlating the incidence of contralateral
HPV-positive 24 3 drainage with T-classification, N-classification, tumor site,
HPV-negative 17 41 tumor thickness, the distance of the primary tumor from
Tumor characteristics the midline, and HPV status, only T-classification showed
Tumor thickness: range (median) in mm 4-32(1%) significant correlation (Table 4). These figures should be
Tumor volume: range (median) in ml 0.5-36.4 (8.7) interpreted with caution because of the small number of
Distance to midline: range (median) in mm  0-16 (4) patients with contralateral drainage and the absence of the

AJCC stage American Joint Committee on Cancer, HPV human pap-
illoma virus

#N2b patients were only included if they had 3 or less involved nodes

(OCC and OPC draining into levels 2 and 3 and LC and HPC
draining into levels 3, 2, and 4) is fairly comparable with that
reported in studies, where the identified SN was removed for
pathological examination [21, 26, 27].

Contralateral drainage was seen in 20% of our patients,
predominantly in level 2. In patients with OPC and OCC,
the contralateral drainage was mainly seen in levels 2 and
3 and in patients with LC and HPC in levels 4 and 3. In the
literature, the incidence of contralateral lymphatic drain-
age was found to be 38-40% in patients with LC, HPC, and
OPC near the midline [21, 26], and ranging from 8 to 38%
in patients with lateralized OCC and OPC [13, 14, 19, 20,

pathological confirmation of negative or positive status of
draining nodes on the SPECT/CT scan. Still, according to
the SUSPECT study protocol, all neck levels harboring
draining nodes would receive elective irradiation.

Over the last few decades, oncologic outcomes of patients
with HNSCC have improved as a result of the use of chemo-
radiation and cetuximab and altered fractionation schemes
of radiotherapy [30]. However, this was achieved at the cost
of important toxic effects. As a consequence of improved
survival and the increasing incidence of HPV-related OPC
in young patients, reduction of treatment-related toxicity and
the impact of disease and treatment on patient’s quality-of-
life have become important secondary considerations. One
way to significantly reduce the frequency, severity, and dura-
tion of radiation-related toxicity is reducing the radiation
fields by the use of unilateral ENI. The main concern when
excluding the contralateral NO neck from the ENI in HNSCC

@ Springer
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Fig.3 SPECT/CT images of the first patient. Planar lymphoscintig-
raphy (a) and SPECT/CT images (b—d) of the first patient included
in the study. The tracer depot is visible (green arrow), as are draining

is the potential increased risk of cRF. However, the inci-
dence of contralateral metastases in HNSCC not crossing
the midline is < 10%, both in studies, where unilateral ENI
was applied [18], and in those where the neck dissection
was guided by SNB [13, 14, 26, 31], and around 20% when
the resection of the primary tumor was combined with neck
dissection without SNB [32, 33]. Since these figures are still
below the generally accepted level to justify ENI in HNSCC
(15-20%) and below the level, where observation was advo-
cated instead of elective neck dissection in the surgical series

@ Springer

areas in level 2 (b, adjacent to the injection site), level 3 (c¢) and level
4 (d), indicated by red arrows

(20% by Weiss et al. [34] and 44% by Okura et al. [35]), we
hypothesize that the paradigm of unilateral ENI might be
well justified in lateralized HNSCC not extending beyond
the midline, since midline involvement is the most important
prognosticator for cRF [9, 10, 36].

To justify research with this approach, we need to
select patients with a very low likelihood of contralateral
involved nodes. The SNB approach is widely investigated
in HNSCC [13, 26, 27, 37], although it is generally applied
to detect nodal involvement of the first echelon nodes by
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Fig.4 Presence and absence of anatomical substrate. Example of a
patient, where a draining area in level 2 on the right (a) corresponds
to a lymph node that is clearly visible on low-dose CT (b, white

pathological confirmation, rather than to exclude it by
imaging alone. Furthermore, SNB is an invasive proce-
dure, and in patients treated with radiotherapy alone, a
non-invasive approach needs to be developed to safely
guide the exclusion of the contralateral neck from the
irradiation fields.

Since several studies have shown that the sensitivity of
SPECT/CT to detect an SN which might harbor occult dis-
ease would be around 90% [20, 29, 38], we hypothesize that

arrow) and another patient with a draining area low in level 4 (c),
without a visible substrate on low-dose CT (d, white arrow)

patients with no detectable lymph drainage to the contralat-
eral side will have a very low likelihood of involved nodes.
Therefore, we adopted this minimally invasive technique to
guide the unilateral ENI in lateralized HNSCC in the cur-
rent study.

In conclusion, SPECT/CT-guided LDM in patients with
HNSCC treated primarily with radiotherapy seems to be
feasible, the procedure was well tolerated and the inci-
dence and the pattern of lymphatic drainage to both sides

@ Springer
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Table 3 Details of drainage patterns on SPECT/CT scan (n=54)

N % N %
Ipsilateral draining areas (123 in 54 patients)® Contralateral draining areas (14 in 11 patients)®
Draining areas per patient: range (median) 1-6 (2) Draining areas per patient: range (median) 0-3 (0)
Size nodal substrate: range (median) in mm  3-20 (7) Size nodal substrate: range (median) in mm  4-13 (8)
Volume nodal substrate: range (median) in cc  0.01-2.64 (0.26) Volume nodal substrate: range (median) in cc  0.07-1.03 (0.50)
Ipsilateral neck levels harboring one or more draining areas® Contralateral neck levels harboring one or more draining areas®
All tumor sites All tumor sites
Level I 4 7 Level I 0 0
Level I 39 72 Level I 7 64
Level 111 40 74 Level 11 3 27
Level IV 23 43 Level IV 3 27
Level V 6 11 Level V 0 0
Level VI 2 4 Level VI 0 0
RP 1 2 RP 0 0
Oropharyngeal and oral cavity cancer (n=42) Oropharyngeal and oral cavity cancer (n=38)
Level I 4 10 Level I 0 0
Level II 33 79 Level II 7 88
Level 11 33 79 Level I1I 2 25
Level IV 20 48 Level IV 1 13
Level V 6 14 Level V 0 0
Level VI 0 0 Level VI 0 0
RP 1 2 RP 0 0
Laryngeal and hypopharyngeal cancer (n=12) Laryngeal and hypopharyngeal cancer (n=3)
Level I 0 0 Level I 0 0
Level II 6 50 Level I 0 0
Level I1I 7 58 Level 11 1 33
Level IV 3 25 Level IV 2 67
Level V 0 0 Level V 0 0
Level VI 2 17 Level VI 0 0
RP 0 0 RP 0 0

SPECT/CT single-photon-emission computed tomography/computed tomography, RP retropharyngeal

#There are 137 draining areas/hotspots identified. Of these, 123 were ipsilateral and 14 contralateral. Because a neck level might harbor more
than one draining area/hotspot, the number of levels involved will numerically be less than the total number of the draining areas identified. For
the ipsilateral side, 123 draining areas/hotspots were identified, while the number of neck levels involved is 115. For the contralateral side, 14
draining areas/hotspots were identified, while the number of neck levels involved is 13

of the neck was comparable with literature, where patho-
logical confirmation of the SN was performed. This justi-
fies further research to guide exclusion of the contralateral
neck from ENI in patients with lateralized HNSCC. The

@ Springer

oncologic and toxicity outcomes of patients treated by this
approach within the framework of the SUSPECT study
will be published as soon as the data is mature.
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Table 4 Incidence of contralateral drainage by different patient char-
acteristics (n=>54 patients, 11 with contralateral drainage)

Characteristic Contralateral drain- P value®
age %

T-classification

T1-2 14

T3 45 0.035%*
N-classification

NO 13

N+ 24 0.474
Node-positive disease

NI 29

N2 21 0.699
Tumor site

OPC and OCC 19

LC and HPC 25 0.693
HPV status in OPC

HPV-positive 13

HPV-negative 24 0.432
Relation PT to the midline

At the midline 31

Not reaching the midline 16 0.270
Distance to midline

<10 mm 25

>10 mm 0 0.101
Tumor thickness

<18 mm 20

>18 mm 21 0.950
Tumor volume

<9 ml 19

>9ml 23 0.682

OPC oropharyngeal cancer, OCC oral cavity cancer, LC laryngeal
cancer, HPC hypopharyngeal cancer, HPV human papilloma virus,
PT primary tumor

*Statistically significant

4Chi square test used for tumor thickness and tumor volume, in all
other cases Fischer’s exact test was used due to low expected cell
count
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