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Head and neck squamous cell carcinoma (HNSCC) often presents with synchronous nodules of the lung (sNL),
which may be benign nodules, second primary malignancies or metastases of HNSCC. We sought to gain an
insight into the incidence of sNL and synchronous second primary of the lung (sSPML) in HNSCC patients and
current opinions on useful diagnostic and therapeutic approaches. We conducted a systematic search of the
PubMed database for articles that reported the simultaneous detection of HNSCC and sNL/sPML, within the
timeframe of diagnosis and staging. Only studies involving humans were included, without restrictions for sex,
age, ethnicity, or smoking history. All articles were categorised according to the Oxford Centre of Evidence-Based
Medicine levels and their data collected. Data from 24 studies were analysed. Amongst HNSCC, the mean overall
incidence rate of sNL and sSPML was 11.4% (range: 1.3-27%) and 2.95% (range: 0.4-7.4%), respectively. The
possibility of a sNL to be a sSPML cannot be ignored (mean: 35.2%). Studies investigating smoking habits showed
that the majority (98-100%) of HNSCC patients with sSPML were previous or active smokers. Detection of
human papillomavirus through DNA analysis, p16 immunohistochemistry, and identification of clonal evolution
were useful in differentiating metastasis from sSPML. *FDG-PET scan was the most reliable method to diagnose
sSPML (sensitivity: 95%; specificity: 96%; positive predictive value: 80%). With early sSPML detection and
curative treatment, the 5-year overall survival rate is 34-47%. However, the proposed advantage of early
detection warrants further evidence-based justification.

Introduction most common sites of SPM are the lung (60%) and the superior aero-

digestive tract (20%). Important differences exist in the clinical behav-

Head and neck squamous cell carcinoma (HNSCC) is the sixth lead-
ing cancer worldwide [1]. Smoking, heavy alcohol consumption, and
poor diet are the cause of over 90% of the cases [2]. The relation be-
tween smoking and risk of cancer as well as cancer-related mortality
have been well established in a multitude of studies [3-5]. Moreover,
smoking has been implicated as a causative factor in various types of
other malignancies, such as pulmonary, gastric, bladder [6] and
pancreatic cancers [7].

Smoking-related cancers have also been reported to entail a high risk
of second primary malignancies (SPM) in HNSCC patients [8]. There is a
cumulative +2-4% per year risk of SPM due to common carcinogenesis
and in-field cancerization (mostly for non-viral HNSCC) [9-11]. The

iour (response, pattern, and timing of SPM) between HPV-positive and
-negative oropharyngeal cancer. Patients with HPV-positive cancer
without significant smoking history have a lower risk of SPM develop-
ment [12].

HNSCC patients often present with additional synchronous nodules
of the lung (sNL) [13]. These sNL may be benign [14] or malignant
(synchronous SPM of the lung (sSPML) or metastases from the primary
HNSCQC). Therefore, sNL in patients with HNSCC are a challenge in terms
of both, diagnosis and treatment.

Proper detection and evaluation of sNL and the differentiation be-
tween sSPML and metastatic disease is important, since the treatment
approaches and the oncologic outcomes are different. Patients may
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benefit from a curative intended (timely performed surgery or radio-
therapy with/or without risk-adapted systemic treatment) or systemic
palliative treatment.

However, the exact incidence of sNL/sSPML in HNSCC patients is not
yet known, and there is still a lack of consensus on the most appropriate
diagnostic procedures and management. With the aim to bridge this
knowledge gap about the incidence of sNL/sSPML and their optimal
management, we surveyed the current practice and opinions regarding
the work-up of sNL/sSPML in HNSCC patients through a systematic
literature review.

Material and methods

The search strategy was designed by OE, MM and JL. The literature
was systematically reviewed through a search in the PubMed database
up to September 2020. The search terms were head and neck squamous
cell cancer, oral cavity cancer, oropharynx cancer, hypopharynx cancer,
larynx cancer, along with synchronous sNL and sSPML. We constructed
the following combinations of Medical Subject Headings (MeSH terms)
and Boolean operators:

Head and neck neoplasms [MeSH] AND squamous AND (lung OR
pulmonary) AND (synchron* OR metachron* OR nodule* OR

metasta* OR tumor OR tumour OR malignan*)

Previously published articles such as systematic reviews, meta-
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analyses, prospective and retrospective cohort studies, as well as case
studies and narrative reviews were initially included in our database
search. The search was restricted to English, Spanish, German, French
and Chinese language, published or in-press. All relevant papers,
including the case studies and narrative reviews were screened, and a
hand search of papers cited in the eligible articles, using their references,
and using Scopus for cross-referencing was performed. Extracted papers
and additional reports through personal communication were further
analysed.

All studies involving humans were included in this review, with no
limitations to sex, age, ethnicity, subtypes of HNSCC histology or
smoking history. Our emphasis was on HNSCC that originated from the
oral cavity, oropharynx, hypopharynx and larynx, along with sNL
detected within the period of HNSCC diagnosis, staging and follow-up.
Studies including HNSCC of unknown primaries were also retained.
All abstracts were screened by two independent investigators (MM and
JL).

We excluded all studies that examined only metachronous nodules of
the lung or only metachronous SPML and studies, where metachronous/
synchronous nodules of the lung and SPML were not analyzed sepa-
rately. Articles were excluded, if they were related to tumours origi-
nating from the head and neck subsites like nasopharynx, sino-nasal
cavities, skin, oesophagus, or thyroid; and if the suspicious synchronous
lesions were of other anatomic sites than the lungs. We also excluded
studies that did not provide data regarding sNL along with head and
neck index cancer. The full text was screened for eligibility by two
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Figure 1. PRISMA Flow Chart, Abbreviations not standard in this field: OCEBM: Oxford Centre for Evidence-Based Medicine; sNL: synchronous nodules of the lung;
SPM: second primary malignancies; sSPML: synchronous second primary malignancies of the lung.
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independent investigators (MM and JL) and verified by a third (OE),
addressing any disagreements regarding article eligibility.

This review was conducted following PRISMA-Guidelines [15]. In
accordance with the flow process, our search and selection was con-
ducted in four steps: identification, screening, assessment of eligibility
and inclusion. The database search and screening of other sources
resulted in 2,607 articles. After removing duplicates, the title and ab-
stracts of the remaining articles were screened to identify relevant
studies. Seventy articles were found to be consistent with the scope of
the review and their full text was reviewed for eligibility. Papers not
fulfilling the above mentioned search criteria were excluded. Available
data from systematic reviews, meta-analysis and narrative reviews were
not considered for analysis. Finally, 24 articles were selected for further
analysis in this review (Figure 1).

A set of predefined questions were listed, and the data were filled in a
spreadsheet. Information abstracted from each article included its
publication year; study type; study period; sample size; incidence of sNL,
sSPML and HNSCC metastases. Information about smoking habits; HPV
DNA and/or p16 expression status of HNSCC were also extracted. The
“take home message” of each article; its emphasis on diagnostics and/or
treatment modalities; data regarding survival; number of sSPML iden-
tifications from bronchoscopy, chest x-ray, chest CT and '*FDG-PET-CT
scan and data about their sensitivity, specificity, positive and negative
predictive value were listed. Data extraction was performed indepen-
dently by two investigators (MM and JL), and differences were resolved
by consensus with input from two additional authors (OE and RG).
Descriptive statistics were calculated. We classified the included studies
by level of evidence according to stipulations of Oxford Centre for
Evidence-Based Medicine (OCEBM) [16].
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Results
Study characteristics and methodological quality (Table 1)

In total, data of 24 original studies were listed for analysis. The
included articles had been published from 1987 to 2019.(See Table 1).

The reviewed articles included 18 retrospective and 6 prospective
studies. The OCEBM level of evidence was 2a in 7 and 2b in 17 publi-
cations. Twenty of the studies were mainly aimed at investigating the
methods to identify sNL and five focused on the treatment and survival
(one overlapping [17]).

Smoking habits (Table 1)

Data on the smoking history in the cohorts were provided by seven
studies [18-24]. Five of these studies [18-21,24] showed the data in
percentage: 100% of the subjects were smokers in two studies and
99.5%, 98%, and 53% in one study each. In one of the studies [19], the
patients were classified on the basis of pack-years: 46.5% of the subjects
had a history of less than 20 pack-years (with all of them being smokers)
and 53.5% have had smoked more than 20 pack-years. In another study
[20], the patients had a median of 50 pack-years of smoking history.

HPYV status (Table 1)

Five studies provided data on HPV status [22,25-28]. The highest
rate of pl6 positivity among HNSCC patients reported was 21% (76/
307); however, the differentiation between sSPML and metastasis was
not done in that study [28]. Moreover, the differentiation of anatomical
subsites, especially concerning oropharyngeal primaries in regard to
HPV association was not provided. In one study, 6% of the sSSPML were
found to be HPV/p16 positive, while 20% of the HNSCC were HPV/p16

Table 1
Study period, level of evidence, and design.
First Author Year Country Study Period LoE N Study Focus Design Other
Data
Metzger[18] 2019 Germany 2010-2018 2b 484 Diagnosis Retrospective Smoking
Kim[19] 2019 Korea 2010-2015 2a 740 Diagnosis Prospective Smoking
Melchardt[25] 2018 Austria NR 2a 386 Diagnosis Retrospective HPV/DNA
Daher[26] 2017 Germany NR 2a NR Diagnosis Retrospective HPV/DNA
Ishibashi-Kannon[27] 2017 Japan 2010-2015 2b 190 Diagnosis Retrospective HPV
Tamjid[20] 2017 Australia 2000-2018 2b 597 Treatment/ Retrospective Smoking
Survival
Rohde[28] 2017 Denmark 2013-2016 2b 307 Diagnosis Prospective HPV
Zammit-Maempel[29] 2016 UK 2001-2003 2a 148 Diagnosis Retrospective None
Louie[39] 2016 Netherlands 1997-2011 2b 616 Diagnosis Retrospective None
Griffioen[21] 2015 Netherlands NR 2b NR Diagnosis Retrospective Smoking
Bishop[22] 2012 USA NR 2b NR Diagnosis Retrospective Smoking/
HPV
Graff[30] 2011 France 1997-2001 2b 2574 Treatment/ Retrospective None
Survival
Beech|[31] 2010 UK 1994-2005 2b 219 Diagnosis Retrospective None
Dequanter[32] 2010 Belgium 2000-2008 2b 412 Treatment/ Retrospective None
Survival
Ohba[23] 2010 Japan 1977-2008 2b 17 Diagnosis Retrospective Smoking/
(CK 8, CK 18,19)
Ghosh[33] 2009 UK NR 2b 1688 Diagnosis Retrospective None
Strobel[40] 2009 Switzerland 2001-2007 2b 589 Diagnosis Retrospective None
Krabbe[35] 2008 Netherlands 1999-2007 2b 149 Diagnosis Retrospective None
Loh[38] 2005 Canada NR 2a 102 Diagnosis Prospective None
Kuriakose[34] 2002 USA 1974-1997 2b 2964 Treatment/ Retrospective None
Survival
Wax[36] 2002 USA 1994-1996 2b 115 Diagnosis Prospective None
Arunacha-lam[37] 2002 UK 2000 2a 44 Diagnosis Prospective None
Shaha[24] 1988 USA 1982-1986 2a 200 Diagnosis Prospective Smoking
Atabek[17] 1987 USA NR 2b 1430 Diagnosis, Retrospective None
Treatment/
Survival

CK: cytokeratin; HPV: Human papilloma virus; LoE: Level of evidence per Oxford Centre for Evidence-Based Medicine (2009); NR: Not reported.
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positive; this study demonstrated that a combination of HPV typing and
TP53 mutational profiling can help to differentiate between head and
neck and the lung as the origin of the malignant tumour [26]. In another
study, HPV/p16 positivity was detected in the lung tissue samples in 5%
(11/220) of the cases [22]. Yet another article reported HPV/p16 pos-
itivity in 1 of 26 sSPML detected in 386 patients [25].

Calculation of the incidence of the pulmonary findings (Table 2 and
Table 3)

The sample sizes in the included studies ranged from 17 to 2964
(mean: 665; median: 386); three studies did not report the sample size.
Nineteen studies reported a total 828 cases of sNL, with 23 studies
reporting 331 cases of sSPML and 22 studies reporting 398 cases of
malignant sNL. Five, two, and one study did not report the number of
sNL, malignant sNL (including pulmonary metastases), and sSPML,
respectively. Fifteen studies provided data on the sample size as well as
the number of sNL; from these data, the incidence of sNL was deter-
mined to be 1.3-27% (mean: 11.4%; median: 7.4%). Nineteen studies
[17-20,23-25,27-38] provided sufficient data to calculate the incidence
of sSPML in their cohorts, which was determined to be 0.4-7.4% (me-
dian: 2.5%; mean: 2.95%). Ten studies provided specified data that
distiguished sNL and sSPML [20,24,25,29-31,34,36-38]. The mean
percentage of sSPML amongst sNL was 35.2% (range: 5-80%). Seven
studies [24-26,31,32,37,38] with a mean of 227 patients (range:
44-412), provided data that allowed determination of the mean number
of synchronous metastases, which was calculated to be 12.8 (range:
1-26). From the six studies that provided sufficient data to allow
calculation [24-26,31,32,38], the incidence of pulmonary metastases
was determined to be 0.003-10.9%. (See Table 2 and Table 3).

Workflow to address the synchronous nodules (Table 4)

Eight studies were either reviewing histopathological results or did
not exactly define how the sNL were further classified as benign, me-
tastases of the HNSCC or sSPML [20,22,23,25,26,32,39] Fifteen studies
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Table 3
Diagnosed synchronous second primary malignancies amongst detected syn-
chronous nodules of the lung.

First Author Year  Detected Diagnosed Percentage (%)
sNL (N) sSPML (N) sSPML/sNL
Melchardt[25] 2018 26 6 23.1
Tamjid[20] 2017 41 15 36.6
Zammit- 2016 73 6 8.2
Maempel[29]
Graff[30] 2011 43 26 63
Beech([31] 2010 36 6 16.7
Kuriakose[34] 2002 42 27 62
Wax[36] 2002 10 8 80
Arunachalam 2002 5 1 20
[37]
Shaha[24] 1988 24 9 37.5
Loh[38] 2005 20 1 5

sNL: synchronous nodules of the lung, sSPML: synchronous second primary
malignancy of the lung.

[19,24,27-29,36-38]. A single specific diagnosic modality like CRX,
Chest CT and '®F-FDG-PET/CT was examined in 5 of these studies
[21,24,29,31,36], while the remaining 10 studies pursued a multimodal
approach. In one study [21] the final diagnosis was based on the expert
opinion in a interdisciplinary tumour board, two studies also confirmed
this approach by further observation [29,35] and 10 studies by the use of
supplementary diagnostic modalities. In two studies, a combination of
observation and implementing other modalities was utilized to confirm
the final diagnosis [31,33]. Therfore, most of the reviewed studies
described various heterogeneous approaches. (See Table 4).

Characteristics of diagnostic modalities (Table 5)

Twenty-one studies provided data on the diagnostic modalities used
for the evaluation and detection of sSPML in cases of HNSCC with sNL.
The mean percentage of sSSPML detected with '8F-FDG-PET/CT scan was
3.8% of the total samples (mean: 386.6; range: 115-866) in 7 studies
[19,27,28,35,36,39,40], those detected with chest CT scan was 2.4% of

mentioned the diagnostic methods addressing the sNL the total samples (mean: 440; range: 44-1688) in six studies

Table 2

Sample size and incidence of pulmonary findings.
First Author Sample Size N (%*) of sNL N of malignant sNL N (%*) of HNSCC metastases N (%*)

Year of sSPML

Metzger[18] 2019 484 NR 2 NR 2(0.4)
Kim[19] 2019 740 NR 36 NR 36 (4.9)
Melchardt[25] 2018 386 26 (6.7) 7 1 (0.003) 6 (1.6)
Daher[26] 2017 NR 32 29 26 (NR) 3 (NR)
IsThibashi-Kannon[27] 2017 190 NR 3 NR 3(1.6)
Tamjid[20] 2017 597 41 (6.9) 15 NR 15 (2.5)
Rohde[28] 2017 307 NR NR NR 4(1.3)
Zammit-Maempel[29] 2016 148 73 (49) 6 NR 6(4.1)
Louie[39] 2016 616 167 (27.1) NR NR NR
Griffioen[21] 2015 NR 181 40 NR 40 (NR)
Bishop[22] 2012 NR 22 1 NR 1 (NR)
Graff[30] 2011 2574 43 (1.7) 26 NR 26 (1)
Beech[31] 2010 219 36 (16.4) 30 24 (10.9) 6(2.7)
Dequanter[32] 2010 412 NR 39 25 (6.1) 14 (3.4)
Ohbal[23] 2010 17 17 (NA) 17 NR 4 (NR)
Ghosh[33] 2009 1688 32(1.8) 30 NR 62 (3.7)
Strobel[40] 2009 589 26 (4.4) 26 NR 26 (4.4)
Krabbe[35] 2008 149 11 (7.4 11 NR 11 (7.4)
Loh[38] 2005 102 20 (19.6) 11 10 (9.9) 1(1)
Kuriakose[34] 2002 2964 42 (1.4) 27 NR 27 (0.9)
Wax[36] 2002 115 10 (8.7) 8 NR 8(6.9)
Arunacha-lam([37] 2002 44 5(11.4) 3 2(2.3) 1(2.3)
Shaha[24] 1988 200 24 (12) 11 2 (1) 9 (4.5)
Atabek[17] 1987 1430 20 (1.3) 20 NR 20(1.4)

HNSCC: head and neck squamous cell carcinoma; NA: not applicable; NR: not reported; sNL: Synchronous pulmonary nodules; sSSPML: synchronous second primary

malignancies of the lung.
*Expressed as percentage of sample population in the respective study.
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Table 4
Workflow to address the synchronous nodules.
First author Patient Method to identify sNL Procedure for the final diagnosis / decision Further
selection examination
Ishibashi-Kannon retrospective 18E.FDG-PET/CT, MRI, CCT When oesophago-gastro-duodenoscopy, '*F-FDG-PET/CT, or another diagnostic ~ yes
[27] and others modality
(MRI, CCT, etc.) suggested the presence of other cancers, the
patient was examined further to confirm the diagnosis
Zammit-Maempel prospective CCT and Biopsies The benign-looking and equivocal follow-up
[29] lesions that resolved or did not show any significant radiological change on
subsequent CCTs were
all grouped as benign. Lesions were considered malignant based on biopsy
results or progression detected on subsequent imaging.
Griffioen[21] retrospective 18E.FDG-PET/CT for high risk multidisciplinary tumour board no
Graff[30] retrospective CCT and pan-endoscopy CCT/ pan-endoscopy/ multidisciplinary discussion/ additional radiology yes
Beech[31] CCT-image CCT depending on nodule size: yes/follow-up
database follow-up CCT,
>8 mm '®F-FDG-PET/CT / biopsy
Ghosh[33] retrospective CRX, CCT, and combination of >10 mm: biopsy or CCT interpretation and serial CCT / 3 monthly yes/follow-up
both
Strobel[44] prospective CCT/ '®F-FDG-PET/CT uptake / morphology (e.g., scattered pattern) additional pan-endoscopy; second  yes
primary suspected: flexible bronchoscopy with biopsy
Kuriakose[34] retrospective pan-endoscopy/CRX/CCT/ US/  histopathology/ absence of cervical nodules and singularity of pulmonary yes
histopathology nodules
Krabbe[35] retrospective protocol: ®F-FDG-PET/CT/ 6-months follow-up with CCT, MRI, CRX, biopsy and cytology follow-up
CRX/CCT
Wax|[36] prospective 18E.FDG-PET/CT suspicious findings verified with CCT and flex bronchoscopy and biopsy yes
Loh[38] prospective CXR/CCT Repeated CCT/CCT-guided biopsy yes
Rohde[28] prospective CXR, CCT, '®F-FDG-PET/CT biopsy yes
Kim[19] prospective CXR, CCT, '®F-FDG-PET/CT biopsy yes
Arunachalam prospective 18E.FDG-PET/CT / CCT biopsy yes
[37]
Shaha[24] prospective CXR bronchoscopy, mediastinoscopy and thoracotomy yes

CCT: Chest computed tomography; '®F-FDG-PET/CT: Positron-emission tomography/computed tomography; CRX: Chest radiography; MRI: magnetic resonance

imaging; sNL: Synchronous pulmonary nodules; US: Ultrasound.

[21,29,31,33,37,38], and those detected with histologic and molecular/
genetic examination was 1.5% of the total biopsies (mean: 611; range:
17-1430) in 6 studies [17,22,23,25,26,41]. sSSPML were detected in
4.5% of 200 chest x-rays in one study [24], and in 0.4% of 484 bron-
choscopies in another [18]. Seven papers [24-26,31,32,37,38] allowed
to calculate the number of detected pulmonary metastases and six
[24-26,31,37,38] of them could be distributed into the different diag-
nostic modalities as follows: three studies [31,37,38] that emphasized
on chest CT with mean 12 metastases (range: 2-24), two studies [25,26]
investigating histologic and molecular/genetic determination with
mean 13.5 (range: 1-26) and one study [24] looking at chest X-ray
findings reported 2 metastases, respectively. (See Table 5).

Five studies presented data regarding the use of molecular/genetic
methods to check for the presence of severe HPV infection
[22,23,25,26,40,42], and four of them provided data on p16™K*A
immunohistochemistry and DNA analysis [22,23,25,26]. Daher et al.
(2018) [26] used HPV sub-typing and targeted next-generation
sequencing of all coding exons of TP53 on 55 samples and identified
20% p16 positive and 5% HPV DNA positive cases. With their method,

Table 5
Diagnostic procedures evaluated in studies.

6% (2/32) of pulmonary nodules could be identified as sSPML. Mel-
chardt et al. (2018) [25] analysed options to distinguish metastasis from
primary tumour on the basis of detecting clonal and mutated gene se-
quences. In this study, 8.6% of the initially stated metastases were
subsequently identified as sSPML, because the sequence was not
matching. Bishop et al. (2012) [22] performed immunohistochemistry
to assess HPV status by evaluating the activity of HPV E7 oncoprotein.
Thus, they were able to confirm pairing of the HNSCC and the pulmo-
nary metastases in 95% of their samples. Ohba et al. (2010) [23] eval-
uated the expression of the antibody CAMS5.2. as a distinguishing
parameter for primary lung squamous cell carcinoma, which was posi-
tive in 6 out of 17 equivocal cases.

Performance of radiologic modalities (Table 6)

Data on the performance of different diagnostic modalities in terms
of sensitivity, specificity and predictive values could be extracted from
six articles [29,31,33,35-37]. Four of these studies [29,31,33,37]
evaluated the performance of chest CT, which was compared with chest

Diagnostic No. of Studies Mean N Mean N of sNL Mean N of Malignant sNL Mean N of sSPML Mean % of sSPML*

Modality (range) (range) (range) (range) (range)

18E_FDG-PET/CT 7 386.6 53.5 (10-178) 16.8 (8-90) 14.7 (4-39) 3.8(1.3-7.4)
[19,27,28,35,36,39,40] (115-866)

BIO 6[17,22,23,25,26,41] 611 (17-1430)  23.4 (17-32) 14.8 (1-29) 6.8 (1-20) 1.5 (1.4-1.55)

CCT 6[21,29,31,33,37,38] 440.2 57.8 (5-181) 20 (3-40) 19.3 (1-62) 2.4 (0.98-4.05)

(44-1688)
CRX 1[24] 200 (NA) 24 (NA) 11 (NA) 9 (NA) 4.5 (NA)
BS 1[18] 484 (NA) 0 (NA) 2 (NA) 2 (NA) 0.4 (NA)

BIO: Biological markers; BS: Bronchoscopy; CCT: Chest computed tomography; CRX: Chest radiography; '®F-FDG-PET/CT: Positron-emission tomography/computed
tomography; NA: Not applicable; sNL: Synchronous pulmonary nodules; sSPML: Synchronous second primary malignancy of the lung.

*Expressed as percentage of sample.
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x-ray imaging in two studies [33,37]. The two remaining studies [35,36]
compared the performance data of chest x-ray with those of 18p_FDG-
PET/CT. In one study [36], 1®F-FDG-PET/CT yielded a PPV of 80% in
superior to chest-CT scan (mean: 77.9%), which in turn was better than
chest x-ray (mean: 66.7%). Moreover, the sensitivity of 18p_FDG-PET/CT
(mean: 95%) was higher than that of chest-CT scan (mean: 93.1%) and
chest x-ray (mean: 55%). (See Table 6).

Zammit-Maempel et al. (2016) [29] investigated the long-term out-
comes of a mixed series of synchronous and metachronous lung nodules
on chest CTs with HNSCC and found a high sensitivity, specificity and
accuracy to predict malignancy. Beech et al. (2010) [31] assessed
whether chest CT as initial staging is a robust method in identifying
metastases or SSPML, whereas Gosh et al. (2009) [33] and Arunachalam
et al. (2002) [37] compared chest CT with chest x-ray. All these studies
found that chest CT was a favourable screening method to detect sSSPML.
Krabbe et al. (2008) [35] assessed the value of whole-body 18EDG-PET/
CT in detecting distant metastases below the clavicula in HNSCC and
found that this method had higher sensitivity and specificity than chest
x-ray and chest CT. Wax et al. (2002) [36] found that 18p FDG-PET/CT
was significantly superior to bronchoscopy, chest x-ray and chest CT in
sensitivity, specificity and accuracy in the detection of sSPML.

Survival (Table 7)

Data on survival endpoints were provided in 10 studies
[17,20,21,25,27,29,30,32,34,39]. Five studies reported survival data
focused on the diagnosis and the remaining five on treatment ap-
proaches. Seven of them supported their data with Kaplan-Meier plots
[17,25,29,30,32,34,39], some as adjusted and others as proportional
overall survival (OS) curves. The mean and median sample sizes of these
10 studies were 1035 and 597 patients, respectively (range: 148-2964).
The mean incidence of sSSPML in these studies was 2%, with a median of
1.6% (range: 0.9-4.1%). (See Table 7).

Seven studies reported the OS of HNSCC patients with sSPML as
median time [17,20,21,30,32,34,39]. We calculated the mean and me-
dian OS 25 and 19.1 months, respectively (range: 12-45 months).

Five studies [17,27,30,34,39] provided the 5-year OS for sSPML
cases in percentage. The median 5-year OS was 40% and the mean
45.2%, respectively (range: 34-65%).

Five studies reported survival data related to the diagnosis of sSPML
[21,25,27,29,39]. All of them, except Griffioen et al. (2015) [21], re-
ported the sample size ranging from 148 to 616 with a mean of 335
patients. Provided data allowed calculating the incidence of sSPML in
three studies [25,27,29] with a range of 1.6-4.1% and a mean of 2.4%.
While Zammit-Maempel et al. (2016) [29] and Ishibashi-Kanno et al.
(2017) [27] either illustrated a Kaplan-Meier curve or described indi-
vidual survivals anecdotically, the other three studies [21,25,39] re-
ported a median survival with a mean of 30.3 months (range: 19.27-45
months).

Treatment approaches and related survival data in HNSCC patients
with sSPML were reported in five studies (mean and median sample
sizes: 1595 and 1430 cases, respectively) [17,20,30,32,34]. The mean
incidence of sSPML in these studies was 1.84%, with two of these studies
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[30,34] having sample sizes of more than 2500 patients reporting in-
cidences of 0.9% and 1.0%. Additionally, the incidence was 1.4% in one
study that had a cohort of 1430 patients [17,20,32] and 2.5% to 3.4% in
two studies [20,32] with sample size of less than 1000 cases.

Atabek et al. (1987) [17] reported a 5-year OS rate of 34%, with a
median OS of 19 months; patients with stage I-II lung cancer (n = 17)
underwent surgery or radiotherapy +/- chemotherapy, while those with
stage III and non-staged (numbers not reported) lung cancer received
radiotherapy +/- chemotherapy or palliative treatment. In the study by
Kuriakose et al. (2002) [34], the 5-year OS rate was 47% and median OS
was 24 months in the surgically treated group; however, no survivors
beyond 1 year remained in the palliatively treated group. Graff et al.
(2011) [30] reported a median OS of 12 months and a 5-year OS rate of
20% for their entire cohort, which included cases with multiple syn-
chronous malignancies; treatment approaches employed were surgery
and/or radiotherapy +/- chemotherapy or brachytherapy (25 cases; for
both HNSCC and lung cancer in 2 cases). Among the 34 patients in the
study by Tamjid et al. (2017) [20], 13 of the 15 patients with sSPML
underwent surgery of the index HNSCC first. Five of their patients with
sSPML died, while 10 survived, of which 6 had partial or complete
response after curative treatment. The treatment approaches used in
their study were primary surgery plus radio +/- chemotherapy and
primary radiotherapy +/- chemotherapy. Resumed, all the reviewed
papers recommend initiation of the primary treatment for HNSCC,
seamlessly followed by the curatively intended treatment for sSSPML.

Apart from the treatment modality used, another aspect to be
considered is the timing of the curative treatment with regard to the
occurrence of the sSSPML. Dequanter et al. (2010) [32] and Tamjid et al.
(2017) [20] reported median OS of 15.7 and 16 months for synchronous
SPML versus 92.6 and 66 months for metachronous SPML, respectively.
Dequanter et al. (2010) [32] found that metachronous SPML had a
better prognosis than synchronous ones if calculated from the time of
detection of HNSCC. Tamjid et al. (2017) [20] reported a 5-year OS of
67% (10 of 15 patients) for patients with SPML, at the time of the last
follow-up (median follow-up 39 months; range: 4-279 months). The
mean OS for the entire cohort in their study was 13 months compared to
11 months for synchronous and 15 months for metachronous SPML,
respectively.

Discussion

Incidence and diagnosis of synchronous nodules and second primary
malignancies of the lung

sNL were found in mean 11.4% and sSPML in mean 2.95% of patients
with HNSCC, respectively. Incidental detection of sSSPML was the highest
in the case of 18FDG-PET/CT, at about 4%, and this modality afforded
high sensitivity (mean: 95%) as well as specificity (mean: 96%). Wax
et al. (2002) [36] reported a PPV of 80% with '®FDG-PET/CT. The mean
percentage of sSPML detected amongst SNL was calculated 35.2%.
Despite its wide range (range: 5-80%), the mean of 35.2% is expected on
the basis of sNL and sSPML incidences being 11.4% and 2.95%,
respectively. In the meta-analysis by Xi et al. (2014) [43], which

Table 6
Performance of diagnostic methods in detection of synchronous second primary malignancies of the lung.
Diagnostic N of Studies Median Mean Sample Mean Sensitivity Mean Specificity Mean Mean
Procedure Sample (range) (range%) (range%) PPV (range%) NPV (range%)
CRX 4[33,35-37] 132 499 55% 96.7% 66.7% 78.1%
(44-1688) (33-65.3) (92-100) (50-100) (40-95.4)
CCT 4 148 524.8 93.1% 97% 77.9% 97.8%
[29,31,33,37] (44-1688) (87-100) (95-99.1) (60-96.9) (93.1-100)
'F-FDG-PET/CT 3[28,35,36] 132 132 95% 96% 80% NR
(115-149) (85-100) (93-98)

18 E_FDG-PET/CT: Positron-emission tomography/computed tomography; CCT: Chest computed tomography; CRX: Chest radiography; PPV: Positive predictive

value; NPV: Negative predictive value.
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Table 7
Survival rates associated with diagnosis and/or treatment of synchronous primary malignancies of the lung.
First Author Year  Focus N sSPML*  Median Details
Survival
Studies that focused only on Diagnosis
Melchardt[25] 2018  Diagnosis 386 1.6% 27 months Median survival rate at 27 months versus 8 months, depending on the genetic
classification
Ishibashi- 2017 Diagnosis 190 1.6% NR 0OS with sSPML, 15 months; one patient was cancer-free, one patient died 8 months
Kanno([27] after thoracic surgery, and one survived at 73 months with oral HNSCC and colon
carcinoma and sSPML.
Zammit- 2016  Diagnosis 148 4.1% NR
Maempel
[29]
Louie[39] 2016  Diagnosis 616 NR 45 months Significantly longer OS for surgery and radiation in sSPML cases in 5 years > 40%.
Griffioen[21] 2015 Diagnosis NR NR 19 months
Studies that focused on Treatment
Tamjid[20] 2017  Treatment, Survival 597 2.5% 13 months 64-70% for HNSCC for the whole HNSCC and 80% for HPV-associated oropharyngeal
primaries. Median survival 11 months for metachronous SPML and 15 months for
sSPML; 5 died, 4 had survived, and 6 were in CR at the end of the follow-up period
Graff[30] 2011 Treatment, survival 2574 1.0% 12 months 5-year OS: 20%
Dequanter|[32] 2010 Treatment, survival 412 3.4% 15.7 months
Kuriakose[34] 2001  Treatment, survival 2964 0.9% 24 months 5-year OS: 47% after surgery
Atabek[17] 1987 Diagnosis, Incidence, 1430 1.4% 19 months 5-year OS: 34% for sSPML

Treatment, Survival

CR: complete remission; HNSCC: Head and neck squamous cell carcinoma; NR: Not reported; OS: Overall survival; SPML: second primary malignancy of the lung;

sSPML: synchronous second primary of the lung.
*Expressed as percentage of the sample population.

analysed 12 articles regarding the accuracy of '*F-FDG-PET/CT, they
showed a mean sensitivity of 85%, remarkably lower than our results
(95%). However, the authors addressed their concerns about the inter-
pretation of their pooled data [43]. On the other hand, chest radiog-
raphy was found to be useful for the detection of pulmonary
malignancies in a large number of cases, but showed lower sensitivity,
which was reflected in a mean PPV of 66.7% [33,37]. However, chest CT
was reported to have the highest specificity (mean: 97%) and NPV
(mean: 97.8%), with a mean PPV of 77.9%. Additionally, it has a mean
reported sensitivity of 93.1%, which is comparable to that of *FDG-
PET/CT (95%) [31,33,35-37]. Therefore, chest CT may be recom-
mended as a rapid, relatively cost-effective, and adequate diagnostic
method. However, using chest CT, the incidental detection of sSSPML was
at a mean of 2.4% when compared to the 3.8% achieved with ®FDG-
PET/CT.

Genetic typing and molecular markers such as HPV DNA or pl6
immunohistochemistry may facilitate the diagnosis of sSSPMLs in cases of
HPV-associated HNSCC. Melchardt et al. (2018) [25] compared HPV
status of primary tumour samples, and metastases targeted massively
parallel sequencing. Additionally, DNA fingerprint genotyping was
performed to confirm the identity of tumour and matched individual
germline DNA samples, along with target resequencing of previously
detected TP53 mutation. The designation could be determined from an
either branched evolution, or a stable mutational pattern of punctuated
evolution as indicator for the survival. Daher et al. (2017) [26] used
HPV typing and targeted next-generation sequencing of all coding exons
of TP53 and define HPV infection status. For HPV-negative cases,
mutational profiling of all coding exons of the TP53 gene was performed
which revealed mutations in tumours and enabled the classification of
lung tumours as HNSCC metastases or SPM of the lung. Ohba et al.
(2010) [23] evaluated the expression of the antibody CAMS5.2 with
immunostaining. CAM5.2 reacts with Cytokeratin CK 5,6,7 and 8. Ker-
atins are expressed in squamous epithelium.

Thus, '®F-FDG-PET/CT appears to be the contemporary imaging
modality that can detect sSSPML with the highest sensitivity and speci-
ficity at means of 95% and 96%, and chest CT can partially serve as a
substitute, particularly in low- and middle-income environments. If the
results of imaging studies are equivocal, genetic and molecular analyses
of the sNL tissue are encouraged. Nevertheless, there is a lack of a

consensus in terms of a standardized workflow to address the sNL. Also,
no trend favouring any diagnostic algorithm could be identified in
literature.

Smoking history

All the studies that provided data on tobacco habits reported smok-
ing of at least 10 pack-years in 100% of their subjects with HNSCC and
sNL. Therefore, it is important for physicians to bear in mind the pos-
sibility of synchronous SPML when planning the diagnostic protocol for
HNSCC patients with sNL and a history of smoking. On the other hand,
the diagnoses of the patients included in the evaluated studies date back
to 1974, and the declining trends in smoking can be expected to change
the incidence of sNL and SPM of the lung in the future.

Survival, treatment and outcome

Patients diagnosed with HNSCC and sSPML were found to have mean
5-year OS rate of 45.2% (range: 20-47%) and a mean OS of 25 months
(range: 12-47 months). Survival (mean: 19.1 months) was the least (12
months) in the study by Graff et al. (2011) [30] and the highest (45
months) in the study by Louie et al. (2016) [39]. HNSCC with meta-
chronous SPML are reported with longer OS compared to their syn-
chronous counterparts. (Tamjid et al. 2017) [20]. However, the longer
survival of metachronous SPM of the lung is the obvious result of
including the period from the diagnosis of the index tumour to the
detection of the metachronous tumour (i.e. lead time bias).

To prolong the survival, most authors recommend early initiation of
a standard curative treatment if possible. The mean OS for sSSPML was
determined to be 35%. Early-stage HNSCC, without metastasis and sNL
have been reported to have OS of 64%-70%, which increases to 80%
when HPV status was positive [20]. Louie et al. (2016) [39] reported the
highest mean OS of 45 months and advocated surgery plus radiotherapy
for sSPML. Because patients with HNSCC and sSPML have a worse
overall outcome than patients with either of them alone (5-years sur-
vival of 15-53% for lung cancer and 49-90% for HNSCC) [11,44,45].
However, Tamjid et al. (2017) [20] argued that curative treatment for
sSPML may not always be justified. Although survival was better in the
case of synchronous lesions, some patients show a poor prognosis with
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aggressive curative surgical treatment. Others suggest annual chest CTs
with workup of chest nodules if chest metastasis or sSSPML are suspected.
Differentiation of synchronous SPM of the lung from metastases and
successful curative treatment depends on the proper staging of the
sSPML. However, the process for confirmation of the presence/absence
of sSSPML and the subsequent staging may lead to delayed initiation of
primary treatment of the HNSCC [46]. Nevertheless, all authores
unanimously acknowledged that the outcome of patients with sSPML
would be improved, if curative treatment can be initiated.

The timely detection of sSPML would allow for early initiation of
curative treatment [20,30,39]. Depending on the tumour stage, early
detection of sNL and subsequently sSPML or pulmonary HNSCC me-
tastases may be associated favourable survival rates in case of proper
treatment decision. The mean value of the reported median survival
times acquired from 10 publications [17,20,21,25,27,29,30,32,34,39]
was 21.5 months (range: 12-45 months) while the mean 5-year OS was
34% (range: 20-47%) [34].

Up-front curative treatment without delay (i.e. concomitant or
sequential with a minimal break between the treatment of the primary
HNSCC and the sSPML) appears to improve survival. A 5-year OS of up
to 47% has been reported for patients with HNSCC and sSPML who
benefitted from a curative treatment approach for both tumours (i.e.
surgery or radiotherapy with risk-adapted adjuvant therapy if indicated)
[34,47]. However, the clinical benefit of early detection and treatment
of sSPML warrants further investigation with proper methodology.
Future studies with more advanced diagnostics and therapeutic mo-
dalities may provide further insight.

Conclusion

Our systematic review of the literature reveals some notable find-
ings. First, sNL occured in mean 11.4% and sSPML in mean 2.95% of
HNSCC patients, respectively. The possibility of a sNL to be a sSSPML
cannot be ignored (mean: 35.2%). Second, 18F_FDG-PET/CT and chest
CT are the most important imaging tools for the early detection and
differentiation between sNL and sSPML. Histopathology as well as mo-
lecular and DNA analyses enhance diagnostic accuracy. Third, once
sSPML is diagnosed, a curative treatment provides the best prognosis,
with 5-year OS of up to 47% described in the literature, depending the
stage of disease.

In the whole review of the literature, we did not encounter any
arguing or antithetic positions on this topic that would warrant a debate.
In the context of the therapeutic approach, as some authors [20]
remarked, that although a curative approach may raise hope for longer
survival rates in patients with early detected SPML, the patients often
“do poor” due to their specific history (smoking habit). Therefore a
carefully evaluated individualized approach should be considered from
the beginning. We believe that the incidence of sNL and sSPML are
significant enough not to be ignored and that these entities should be
systematically addressed in daily practice. On the other hand, further
evidence based justification is needed to establish, if early differentia-
tion of such findings really provide an advantage impacting the pathway
and outcome of HNSCC treatment.
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