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BACKGROUND: Clinicians face many challenges in disease
stratification and outcome prediction in head and neck
squamous cancer cell (HNSCC) patients. Given the lim-
itations of currently used clinical scoring, repetitive biop-
sies, and imaging techniques, liquid biopsy approaches
may provide valuable additional diagnostic and prognos-
tic information.

METHODS: A noninterventional, single-center observa-
tional study was performed with clinical data and plasma
samples from HNSCC patients. Cell-free tumor DNA-
derived copy number aberrations (CNAs) were deter-
mined in 116 patients by low-coverage next-generation
sequencing (NGS). Significant CNAs were combined in
a genome-wide copy number instability score (CNI),
which was evaluated with respect to conventional clinical
staging and patient outcome.

RESULTS: Receiver-operating characteristic (ROC) curve
analysis comparing the presurgery CNI in patients (n �
103) with that in tumor-free controls (n � 142) yielded
an area under the ROC curve of 87.2% (95% CI,
79.4%–93.3%). At a specificity of 95%, the sensitivity to
detect tumors varied between 46% (pT1) and 94%
(pT4). A CNI above the median (i.e., �72) had a posi-
tive predictive value of 90% (95% CI, 79%–96%) for
lymph node involvement (LNI), while the negative pre-
dictive value was 57% (95% CI, 43%–70%). For a CNI
�72, overall survival (OS) was worse (hazard ratio, 4.89;
95% CI, 1.39–17.17; P � 0.01) with 62% and 90%
survivors 3 years after surgery for a CNI �72 and �72,
respectively. In multivariable models, the CNI was a su-
perior predictor of OS compared to established disease
features, including LNI.

CONCLUSIONS: The CNI may assist in predicting LNI
and prognosis in HNSCC with direct therapeutic impli-
cations concerning the need for neck dissection or more
aggressive treatment.
© 2018 American Association for Clinical Chemistry

Head and neck squamous cell carcinoma (HNSCC)5 is
the seventh leading cancer by incidence worldwide (1 ).
According to contemporary data, this cancer accounts for
an incidence of approximately 63000 cases and 13000
deaths in the US and 140000 cases and 63500 deaths per
year in Europe (2–4). Lymph node metastasis, which
affects �40% of patients with HNSCC in the US, is
regarded as the most accurate predictor of clinical out-
come (5 ) and seems particularly relevant in case of extra-
capsular spread (ECS) (6, 7). Therefore, correct assess-
ment of the lymph node status is crucial. Currently,
diagnoses rely on clinical examination and imaging be-
cause ultrasonography or computed tomography/MRI
scans often miss involved lymph nodes (8 ). Biopsies have
inherently high error rates; frequently, repetitions are
needed to evaluate a malignancy associated with higher
costs and patient burden. The proper procedure in cases
with clinically unremarkable lymph node status is still a
matter of debate, and prediction of microscopic spread is
challenging (9, 10 ). Furthermore, there are no estab-
lished prognostic predictors beyond clinical staging and
grading, except for human papilloma virus (HPV) status
in the subgroup of patients with tumors located mainly in
the oropharynx (11 ). Additional information provided
by biomarkers on the probability of tumor spread into
lymph nodes and on the likely course of the disease might
substantially help to individualize therapy in patient
subpopulations.
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Blood-based “liquid biopsy” provides biomarkers
for risk stratification, real-time monitoring of treatment,
recurrence, and development of resistance to drug ther-
apy. Such testing is based on cell-free nucleic acids
(cfDNA) released by cancer cells into the blood stream
during apoptosis and necrosis (12 ). With the availabil-
ity of next-generation sequencing (NGS) combined
with digital PCR (13 ), trace amounts of tumor cfDNA
can be detected and quantified. By use of massive,
parallel NGS with low-coverage, chromosomal insta-
bilities in tumor-derived cfDNA can be identified in
plasma and are considered to be a hallmark of cancer
(14 –16 ). A copy number instability score (CNI) can
then be calculated from the number of copy imbal-
ances as a general measure of the genomic instability
that occurs in a malignant tumor and of the concen-
tration of circulating tumor DNA. In prostate cancer
patients, the CNI test was shown to be useful to dis-
criminate cancer from benign disease (15 ). It is ex-
pected that analyses of cfDNA by NGS will be increas-
ingly used in precision cancer medicine and could
reshape our future approaches to cancer management.
According to PubMed database, we present for the

first time data on the promising diagnostic and prog-
nostic value of a CNI in HNSCC patients.

Methods

PATIENT IDENTIFICATION

An existing tumor and plasma biobank database was
used to identify a total of 136 patients evaluated by the
ENT Department of the University Medical Center
Göttingen for a presumed diagnosis of HNSCC but
without evidence of distant metastasis who had plasma
and tumor tissue samples collected between 2010 and
2016.

CRITERIA FOR INCLUSION IN THE CNI ANALYSES

A total of 280 plasma samples collected from these 136
patients had cfDNA assays performed. The Consort di-
agram (Fig. 1A) shows exclusion criteria: 1 patient sub-
sequently diagnosed with lymphoma, 4 with simultane-
ous lung cancer or distant metastases at time of HNSCC
diagnosis, 5 who received primary radiation and/or che-
motherapy [R(C)T], 4 in whom surgery was not per-
formed, 1 for whom no appropriately collected plasma
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Fig. 1. Patients and samples included.
Consort diagram, showing numbers of patients included or excluded (A). Histogram showing the collection times for the 217 samples (n)
collected from 116 eligible patients (N) relative to the surgery performed due to the considered HNSCC diagnosis (B).
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specimen was available, and 1 in whom the cfDNA assay
failed. From the 116 remaining eligible patients, cfDNA
data from 217 plasma samples were included. Presurgery
plasma samples were available for 103 patients (Fig. 1B).

PATIENT CHARACTERISTICS AND TREATMENT MODALITIES

Patient, disease, and treatment characteristics obtained
from the medical records are listed in Table 1. There were
no obvious major differences between all eligible patients
and those who had presurgical blood samples collected.
This investigation was conducted in accordance with eth-
ical standards according to the Declaration of Helsinki
and national and international guidelines, and it was ap-
proved by the local ethical committee of the University of
Göttingen Medical Center. Informed written consent
was obtained from each research participant before the
collection of blood and tumor material. Storage of blood
and tumor tissue in a biobank was part of the ethical
approval and the written informed consent process.

All eligible patients (n � 116) had surgical resec-
tions. Complete resection (R0) was not achieved in 3
patients, and 2 other patients died perioperatively (i.e.,
did not receive adjuvant therapy). For 1 patient, the min-
imum follow-up time of 3 months post surgery was not
reached. These 6 patients were excluded from analysis
with outcome. Of the remaining 110 patients (97 with
presurgery samples), adjuvant radio(chemo)therapy was
indicated in 93 patients (80 with presurgery samples); 75
(62 with presurgery samples) actually completed radio-
therapy, and 55 (44 with presurgery samples) received
concomitant chemotherapy.

TUMOR-FREE CONTROL GROUP

The control group consisted of 142 tumor-free individ-
uals. Plasma samples were collected previously from 137
tumor-free adult volunteers following an approved in-
formed consent process. Additional samples from 5 pa-
tients with other nonmalignant medical conditions were
collected at the University of Göttingen Medical Center,
following the ethical approval process described above.

CNI DETERMINATION

CNI calculation has previously been described (16–19).
Briefly, reads obtained from low-coverage sequencing
were mapped to the reference genome. Read counts were
transformed into log2 ratios over average bins of 5.5 Mb
and converted into Z values vs a subgroup of 133
cfDNA-normal reference samples, followed by a noise-
reducing proprietary bioinformatics pipeline calculating
a final Z value for each bin. For bins in which the null
hypothesis (equality to reference) is rejected at a 0.2%
false-positive rate, the absolute values of the gaussian cu-
mulative density function are summed to generate the
CNI, thus reflecting the number and the amplitude of
aberrations in the tumor as well as the tumor fraction of

cfDNA. Fig. 1 in the Data Supplement that accompanies
the online version of this article at http://www.
clinchem.org/content/vol64/issue6 presents exemplary
copy number profiles for patients with increased CNI.
The technical procedures used for blood sampling, pro-
cessing, and measurement of cfDNA are presented in
detail in the Methods in the online Data Supplement.

STATISTICAL ANALYSIS

Data were analyzed with SPSS and R software. Associa-
tions between disease characteristics and CNI were ana-
lyzed by Mann–Whitney U test and Kruskal–Wallis test.
Cox proportional hazard regression models were used to
calculate hazard ratios (HRs) for patient baseline, clinical
parameters, and dichotomized CNI in regard to overall
survival (OS) and progression-free survival (PFS), de-
fined according to common consensus as a composite
end point of local-regional recurrence, distant metastasis,
or death from any cause. Statistics for Kaplan–Meier
plots were assessed by log-rank test. If not otherwise
stated, two-sided statistical testing was employed.

Results

TOTAL cfDNA CONCENTRATION AND CNI

The median cfDNA concentration was 4191 haploid
genomic copies per mL plasma (min, 947; max, 54193;
n � 217). No significant correlation between total
cfDNA concentration and CNI (r � 0.03; P � 0.69) was
detected after removal of 5 outliers (defined by having a
CNI more than 3 standard deviations from the mean).

CNI IN RELATION TO CLINICAL TUMOR STAGING FEATURES

The presurgery CNI was generally increased in patients.
A receiver-operating characteristic (ROC) curve compar-
ing the 103 baseline samples taken before surgical re-
moval of the tumor with 142 tumor-free control samples
is shown in Fig. 2A. The diagnostic accuracy calculated as
area under the ROC curve was 87.2% (95% CI, 79.4%–
93.3%). Setting the CNI delimiter at the 95th percentile
of the tumor-free control group (23.5) resulted in an
overall sensitivity of 74% (P � 2 � 10�7) for tumor
detection regardless of stage.

One patient presented with lymph node involve-
ment (LNI) only without a primary tumor and was ex-
cluded from analysis with T and N category. Among the
remaining 102 patients, the presurgery CNI was higher
(median, 68; min, 0; max, 7131) than in tumor-free con-
trols (median, 11; min, 1; max, 37) with statistically sig-
nificant distinctions for �pT2 and a statistical trend for
pT1 (Fig. 2C). Moreover, the CNI increased with tumor
stage (P � 0.00006 according to Jonckheere–Terpstra
trend test for pT1 to pT4). The accuracy to identify
�pT3 tumors reached 86.3% (95% CI, 80.5%–91.3%;
n � 84 samples; P � 0.00008) and 95% (95% CI,
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Table 1. Baseline patient and disease characteristics.

Patient and disease characteristics, N (%) All eligible patients (N = 116) Patients with presurgery sample (N = 103)

Age, median (min, max) 63.0 (23.2, 88.2) 63.0 (23.2, 88.2)

Female 21 (18.1) 18 (17.5)

Behavioral factorsa

Smoking w/o regular alcohol 50 (43.1) 43 (41.7)

Alcohol (regular) w/o smoking 5 (4.3) 5 (4.9)

Smoking and regular alcohol 38 (32.8) 35 (34.0)

Neither smoking nor regular alcohol 19 (16.4) 16 (15.5)

Undetermined 4 (3.4) 4 (3.9)

Tumor site

Oral cavity 13 (11.2) 13 (12.6)

Oropharynx 35 (30.2) 35 (34.0)

HPV positiveb 16 (45.7) 16 (45.7)

Hypopharynx 33 (28.4) 28 (27.2)

Larynx 33 (28.4) 25 (24.2)

Parotid gland 1 (0.9) 1 (1.0)

Lymph node only 1 (0.9) 1 (1.0)

History of former HNSCC

No 105 (90.5) 92 (89.3)

Yes 11 (9.5) 11 (10.7)

T category

pT1 13 (11.2) 13 (12.6)

pT2 35 (30.2) 34 (33.0)

pT3 43 (37.0) 37 (35.9)

pT4 24 (20.7) 18 (17.5)

Txc 1 (0.9) 1 (1.0)

Nodal status (pathologically verified)

pN0 40 (34.5) 34 (33.0)

pN1 18 (15.5) 16 (15.5)

pN2 54 (46.5) 49 (47.6)

pN3 3 (2.6) 3 (2.9)

Nxd 1 (0.9) 1 (1.0)

Extracapsular spread (for pN1-pN3)

No 43 (57.3) 39 (57.4)

Yes 32 (42.7) 29 (42.6)

Disease stage

SI 5 (4.3) 5 (4.9)

SII 13 (11.2) 14 (13.6)

SIII 31 (26.7) 24 (23.3)

SIV 66 (56.9) 59 (57.2)

Sxc 1 (0.9) 1 (1.0)

Tumor grade

G1 4 (3.4) 3 (2.9)

G2 93 (80.2) 82 (79.6)

G3 19 (16.4) 18 (17.5)

a Smoking or alcohol were defined as regular consumption, either presently or formerly.
b Histopathologic HPV status for oropharyngeal localization (16 samples positive, 18 negative, 1 undetermined).
c No T category and disease stage for 1 patient with LNI only.
d Lymph node resection not clinically indicated for 1 patient.
Tumor staging and grading were done according to standard classifications (36 ).
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90.5%–98.0%; n � 18; P � 0.0001) for pT4 tumors.
The sensitivity for tumor detection varied between 46%
for pT1 and 94% for pT4 at a specificity of 95% each.

Nodal status was strongly associated with the CNI
(Fig. 2D). In addition to the patient without a T stage, a
second patient with a T2 larynx carcinoma without
lymph node resection was also excluded for this analysis.
In the 34 patients classified as pN0, the pretreatment
median CNI was 25 (min, 0; max, 831) compared to 292
(min, 4; max, 7131) in the 67 patients with LNI (P �
4 � 10�7). For patients with positive lymph nodes, there
was a statistical trend (P � 0.091) toward higher CNI in

those with ECS. Moreover, the presurgery CNI discrim-
inated well between patients with and without LNI in
tumors of the same T category except pT1 (Fig. 2E).

We evaluated whether LNI could be predicted by a
CNI cutoff. ROC curve analysis demonstrates a discrim-
ination between LNI-negative and LNI-positive patients
by the CNI (Fig. 2B) with an area under the ROC curve
of 81.1% (95% CI, 65.6%–92.2%). For 101 patients
assessable for LNI, the median presurgery CNI was 72
(51 patients, �72 vs 50, � 72) and strongly associated
with LNI (P � 6 � 10�7, Fisher exact test). Using 72 as
the cutoff is supported by the Youden index used to de-
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termine optimal segregation (20 ). Out of the 50 patients
with a CNI �72, LNI was found in 45 (positive predic-
tive value of 90%; 95% CI, 79%–96%). In contrast, only
29 patients without LNI had scores �72, resulting in a
negative predictive value of only 57% (95% CI,
43%–70%).

The majority (n � 59) of the patient cohort was
diagnosed with stage IV tumors. Those patients showed a
presurgery median CNI of 292 (min, 4; max, 7131) in
contrast to a median of 18 (min, 3; max, 228) for the 19
patients with either stage I or II tumors (P � 2 � 10�6;
Fig. 2F). In addition, stage IV patients could be discrim-
inated from stage III patients by CNI (P � 0.007). Com-
pared to patients with stage I or II tumors, in those with
stage III, the CNI was borderline significantly higher
(P � 0.050). The 4 patients excluded due to distant
organ metastasis at initial diagnosis (see Consort dia-
gram, Fig. 1A) had significantly increased scores (median
CNI 3677; min, 1651; max, 6466) compared to the 59

stage IV patients without distant metastasis (P � 0.006).
In patients with less differentiated tumors (G3), the pre-
treatment CNI was higher than in G1 or G2 tumors (P �
0.017; Fig. 2G). Patients with laryngeal localization had
a lower CNI than those whose tumors originated from
oral cavity, oropharynx, or hypopharynx with no signif-
icant difference between the latter 3 locations (Fig. 2H).

CNI IN RELATION TO CLINICAL OUTCOMES

As defined in the Methods, 97 patients with presurgery
plasma samples available were suitable for analysis of clin-
ical outcome. For these patients, the median follow-up
was 22.5 months (range, 3.4–62.4 months) as of August
2017.

Patient baseline, clinical features, and CNI were as-
sessed in relation to OS and PFS by univariable Cox
proportional hazard regression models (Table 2). Statis-
tical associations at P � 0.05 were observed for 4 vari-
ables: (a) the application of intended adjuvant R(C)T

Table 2. Univariable Cox regression analyses for PFS and OS in fully assessable patients.

Parameter

PFS OS

HR (95% CI) P value HR (95% CI) P value

Age, per year 0.972 (0.941–1.004) 0.088 1.057 (0.959–1.164)c 0.266

Sex

Female vs male 1.048 (0.435–2.523) 0.916 0.059 (0.001–3.486)c 0.174

Smoking and/or alcohol

Yes vs No 1.656 (0.582–4.709) 0.344 1.361 (0.309–5.996) 0.683

HPV infection (oropharynx)a

Yes vs No 0.530 (0.159–1.770) 0.302 0.332 (0.033–3.095) 0.326

HNSCC history

Yes vs No 0.684 (0.210–2.232) 0.529 0.042 (0.00004–48.506) 0.378

Tumor size

pT3/pT4 vs pT1/pT2 0.833 (0.434–1.596) 0.581 2.193 (0.761–6.317) 0.146

Nodal status

pN+ vs pN0 1.216 (0.600–2.462) 0.587 8.130 (1.074–61.563) 0.042d

ECS

Yes vs No 1.402 (0.690–2.848) 0.351 2.744 (1.014–7.423) 0.047d

Tumor grading

G3 vs G1/G2 0.452 (0.139–1.471) 0.187 1.295 (0.368–4.558) 0.687

Adjuvant R(C)T as intendedb

Yes vs No 0.240 (0.116–0.498) 0.0001d 0.303 (0.104–0.877) 0.028d

Presurgery CNI score

>72 vs ≤72 1.495 (0.779–2.868) 0.227 4.891 (1.393–17.173) 0.013d

≥1545 vs <1545 2.240 (1.056–4.753) 0.036d 3.897 (1.415–10.733) 0.009d

a HPV status assessment for oropharynx localization only.
b R(C)T in accordance with medical recommendations; i.e., “Yes” also includes those few patients for whom R(C)T was not indicated and who therefore did not receive adjuvant therapy.
c For the impact of age and sex on OS, time dependency was observed at P < 0.05 and therefore adjusted for.
d Feature with P < 0.05.
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rendered a strong benefit on OS and PFS; (b) LNI
showed an association with worse OS but not with PFS;
(c) ECS was linked to shorter OS; and (d) patients with a
CNI �72, as used for the prediction of LNI, experienced
a hazard ratio of 4.89 (95% CI, 1.39–17.17) to die com-
pared to those with scores �72. Apart from administra-
tion of intended R(C)T, the CNI was the only predictive
feature for OS at P � 0.05 in multivariable Cox regres-
sion analyses, in a full model (HR 6.02; 95% CI, 1.07–
33.86; P � 0.042), and in forward and backward selec-
tion models (see Tables 1–3 in the online Data
Supplement). The CNI delimiter at �72 vs �72 did not
show a statistically significant impact on PFS (HR 1.50;
95% CI, 0.78–2.87; P � 0.227; see Table 2). A second
delimiter for the presurgery CNI was identified at 1545
(20 ), which discriminated between patients with respect
to OS and PFS. Patients with a CNI �1545 faced hazard
ratios of 3.90 (1.42–10.73) and 2.24 (1.06–4.75) with
respect to OS and PFS in comparison to those with scores
�1545.

The clear distinction in OS by a CNI �72 vs �72 is
illustrated in Fig. 3A. The 3-year OS rate in patients with
scores �72 was 90%, compared to 62% for those with
scores �72. Respective plots for tumor size, nodal status,
and adjuvant R(C)T are presented in Fig. 2, A–C in the
online Data Supplement.

In the subset of patients who completed adjuvant
R(C)T as intended (n � 80), the effect of the CNI on OS
was almost identical to that in the entire cohort (Fig. 3B).
Another potential source of bias was the inclusion of 11
cases with previous HNSCC. However, restricting the
survival analysis to only the 86 patients without a former
HNSCC diagnosis demonstrated a similar relation of the
CNI with OS (see Fig. 3A in the online Data Supple-
ment). The same was true if patients without the in-
tended adjuvant R(C)T were additionally removed from
this subset (see Fig. 3B in the online Data Supplement).

Patients with a CNI below 1545 lived longer and
showed less progression than those with a score above this
(Fig. 3, C and D), although there were only 13 individ-
uals with these high scores.

CNI CHANGES DURING THE COURSE OF THERAPY

CNI values before and at various times after surgery are
summarized in Fig. 4A. In the merged data, a steep de-
cline after surgery was observed (median CNI before sur-
gery, 68; after, 19). In samples from 15 patients who had
paired pre- and postsurgery samples available, a similar
decrease in median CNI was observed (39 vs 14, P �
0.031). In contrast, only small CNI variations were noted
during and after radiotherapy, as well as in the follow-up.

Although the limited number of postsurgery sam-
ples available did not elicit statistically significant rela-
tionships between a rebound increase of the CNI and
disease progression, individual cases support this hypoth-

esis. Fig. 4B shows representative time courses for 4 pa-
tients, 2 of whom developed metastatic disease and 2
patients without local recurrences or distant metastases
during the follow-up period. In 1 patient (#110, full
radiotherapy as intended but without chemotherapy),
highly increased CNI scores were detected 87 and 52
days before the diagnosis of lung, liver, and bone metas-
tases. In a second patient (#123, full radio-chemotherapy
as planned), the CNI first decreased between 54 and 97
days after surgery and remained around the normal
threshold until day 140. Lung metastases were diagnosed
at day 457 (i.e., �300 days after the last normal CNI). A
massive increase in CNI was detected in the next available
sample at day 560. Two other patients (#230 and #279,
both with complete adjuvant radiotherapy, #230 with
concomitant chemotherapy) showed continuously low
CNI over time and did not experience loco-regional re-
lapse or distant metastases.

Discussion

In HNSCC, as in many other malignancies, disease strat-
ification, prognosis estimation, and treatment selection cur-
rently rely on clinical examination, imaging, and histo-
pathological features. The potential of liquid biopsies has
been convincingly demonstrated for several malignant dis-
eases and recently strongly suggested for HNSCC as well
(21, 22). In recent reports concerning liquid biopsies in
HNSCC, a panel of predetermined tumor-specific muta-
tions and methylation of 2 genes in cfDNA were evaluated
as biomarkers (23, 24). Here, the use of CNI as an approach
to characterize disease staging and prognosis in patients with
HNSCC was investigated.

Three main clinically useful findings were observed
concerning the presurgery CNI: (a) separation between
patients and tumor-free controls at a high diagnostic ac-
curacy, (b) a high positive predictive value for LNI, and
(c) prediction of clinical outcome in terms of OS and
PFS.

The diagnostic accuracy shown in this data set with
low-coverage NGS is comparable to that reported for an
ultrasensitive deep-sequencing method for quantifica-
tion of circulating tumor DNA in patients with non-
small cell lung cancer (25 ). Circulating tumor DNA has
also been demonstrated to have higher sensitivity to de-
tect mutations or metastases than do circulating tumor
cells (26, 27 ). Using low-coverage NGS we could detect
HNSCC tumors with a sensitivity of 74% at a specificity
of 95%; this sensitivity would be expected to increase by
raising the coverage of NGS (14 ). Wang et al. found a
high sensitivity to detect HNSCC tumor DNA in blood
and saliva by analysis of a panel of specific mutations
previously determined in tumor specimen (24 ). In com-
parison to that approach, the CNI can be regarded as a
more universal and straightforward plasma cancer bio-
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Kaplan–Meier plots for a CNI threshold of 72 in relation to overall survival (OS) (A); same parameters as (A) for the subset of patients who
received the intended R(C)T) (B), a CNI threshold of 1545 in relation to OS (C) and progression-free survival (PFS) (D), each statistically assessed
by log-rank test. Censored data are indicated by “+” symbols.

CNI Score in Head and Neck Cancer

Clinical Chemistry 64:6 (2018) 967

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/6/959/5608763 by guest on 24 M
ay 2023



marker that does not require either access to tumor tissue
or knowledge of specific mutations before analysis.
Schröck et al. reported a sensitivity of 52% and 59% at a
specificity of 95% and 96% in 2 patient cohorts, respec-

tively, to detect HNSCC by measurement of cfDNA
restricted to 2 methylated genes proposed previously as
biomarkers for other cancer entities (23 ). Though using
different approaches, these reports and a published con-
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ference abstract (28 ) conceptually confirm the usefulness
of liquid biopsies in HNSCC.

The ability to discern between lymph node-
positive and lymph node-negative patients with a high
positive predictive value of 90% by use of the proposed
CNI is clinically important. A metaanalysis addressing
18F-fluorodeoxyglucose positron emission tomogra-
phy reported at a specificity of 86% an overall sensi-
tivity rate of 79% to identify lymph node metastasis.
This rate dropped to only 50% if there were no clinical
or radiographic signs of LNI (29 ). At a comparable
specificity of 85%, the CNI in our study reached a
sensitivity of 69%, regardless of other presurgery evi-
dence for LNI (Fig. 2B). A more recent study combin-
ing positron emission tomography and computed to-
mography scanning, which represents a clinically
established but expensive method to identify tumor
metastasis, proved to be inadequate for lymph node
assessment in recurrent laryngeal cancer (30 ). The
clinical decision whether a lymph node dissection
should be performed in patients with HNSCC is cur-
rently made on the basis of empirical data and a known
metastases probability of �30%. Occult lymph node
metastases are found in clinically inapparent lymph
nodes in up to one-third of neck dissections (31 ).
While confirmation is needed from randomized pro-
spective studies, in the future the proposed CNI could
be used as an additional guide to the currently used
clinical assessments. Whereas the positive predictive
value of the CNI above a certain threshold appeared
sufficiently high to primarily recommend neck dissec-
tion, LNI could not be satisfyingly excluded for lower
CNI. Considering cost-effectiveness, a 2-stage se-
quencing procedure might be evaluated in future stud-
ies to better evaluate discrimination for lower levels
of tumor-derived cfDNA. Low-coverage sequencing
such as used in this study could identify patients who
are very likely to have LNI. Samples from patients with
low CNI could then be subjected to deeper sequencing
to identify those who were false negatives with the
first, low-coverage sequencing.

This is, to the best of our knowledge, the first
report on prediction of LNI and clinical outcome in
HNSCC by a comprehensive assessment of chromo-
somal aberration patterns in tumor-derived cfDNA.
Currently, tumor size, LNI, ECS, and (for patients
with oropharyngeal tumors) the determination of
HPV status represent established prognostic markers
to guide individual patient treatment. Although we
could confirm a higher HR for tumor size and a lower
HR for HPV status, in regard to OS, only LNI and
ECS reached an association at P � 0.05. Adjuvant
R(C)T and the CNI evolved as the strongest predictors
for OS, clearly outreaching established clinical staging
and grading parameters, including lymph node status.

Not all HNSCC patients had increased CNI com-
pared to the normal reference group. One possible
explanation might be the absence of aneuploidies in
the respective tumors. Therefore, tumor tissue from 2
patients without increased presurgery CNI (6 and 18)
was analyzed and significant CNAs of 35% and 41%
were detected (see Fig. 4 in the online Data Supple-
ment). This suggests that some tumors do not shed
significant amounts of DNA into the blood stream.
The concentration of circulating tumor DNA as well
as the growth and metastatic potential of tumors are
thought to be dependent on tumor vascularization and
other factors like expression of matrix metallopepti-
dase 2 (32–35 ). Further studies should examine
whether the link between vascularization, tumor-
derived cfDNA concentration, and cancer aggressive-
ness may explain the described prognostic value of the
CNI. As shown in selected cases (Fig. 4B), the CNI
provided information on outcome that was not evi-
dent from clinical characteristics and treatment
histories.

Liquid biopsies represent emerging tools to better
estimate tumor spread, aggressiveness, and prognosis
and to select individualized therapy. A limitation in
this new field, which also applies to this study, is the
current lack of data from prospectively collected sam-
ples in conjunction with a reasonably long clinical
follow-up. The retrospective data presented here
might stimulate such studies, as the CNI appears a
promising candidate biomarker for disease stratifica-
tion, assessment of prognosis, and help in deciding on
the need for neck dissection. As it is a technically dy-
namic approach, the value of the CNI is expected to
further increase with advances in resolution and cost-
effectiveness. The CNI may also have value for moni-
toring results of therapies, but all these applications
require validation in larger, prospective, controlled
clinical trials involving serial measurements done at
specific intervals before, during, and after treatment.
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