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abstRact
IntroductIon: The incidence of cutaneous melanoma is 
increasing in Denmark and worldwide. However, the preva-
lence of distant metastases at the time of diagnosis has de-
creased to 1%. We therefore questioned the value of rou-
tine preoperative chest X-ray (CXR) for staging 
asymptomatic melanoma patients and hypothesised that 
routine CXR is not justified. 
Methods: A retrospective study was conducted on patients 
undergoing wide local excision and sentinel lymph node bi-
opsy for cutaneous melanoma in the period from 2010 to 
2014. 
results: A total of 603 patients were included. The mean 
time of follow-up was 34 months (range: 13-75 months).  
Of the 603 patients, 25 (4%) had a positive CXR and 578 
(96%) had a negative CXR. Four (0.7%) patients had lung 
meta stases of whom two had a true positive and two a false 
negative CXR, respectively. The sensitivity was 50%, speci-
ficity was 96%, the positive predictive value was 8% and the 
negative predictive value was 100%. 
conclusIon: Our results suggest that CXR cannot be justi-
fied in the initial staging of cutaneous melanoma patients. 
The guideline for the treatment of melanoma in Denmark is 
under revision: The use of CXR has been omitted. 
FundIng: This study received funding from the Department 
of Plastic Surgery, the Research Council at Herlev Gentofte 
Hospital and the Danish Cancer Society. 
trIal regIstratIon: The Danish Regional Committee on 
Biomedical Research Ethics (r. no.: H-4-2014-127), the Dan-
ish Data Protection Agency (2012-58-0004, local record no.: 
HEH-2015-003, I-Suite no.: 03436) and the Danish Melan-
oma Group.

The incidence of cutaneous melanoma is increasing in 
Denmark as well as worldwide, resulting in approxim-
ately 2,600 new annual melanoma cases in Denmark, 
corresponding to an incidence of 29.5 and 31.7 per 
100,000 person-years for men and women, respectively 
[1, 2]. However, the proportion of melanoma patients in 
Denmark with distant metastases at diagnosis has de-
creased to  about 1% [1].

The most common site of distant metastasis is the 
lymph nodes, skin, subcutaneous tissue and lungs [3]. 
Treatment of lung metastasis includes surgery in se-
lected cases; otherwise, systemic treatment is usually in-

dicated, with the new era of systemic immunotherapy 
allowing for potentially curative treatment [4-6]. It is 
therefore important to diagnose lung metastases as  
early as possible [4, 5]. 

Current recommendations by the Danish Melanoma 
Group recommend staging of patients with T4 tumours 
with use of a chest X-ray (CXR) prior to surgical treat-
ment in order to detect occult lung metastasis at the 
time of diagnosis. However, most departments have 
used CXR for all patients prior to wide local excision 
(WLE) and sentinel lymph node biopsy (SLNB) even 
though the evidence suggests that CXR is associated 
with a low yield, a low sensitivity and a high rate of 
false-positive tests [7-9]. However, recent years have 
seen growing use of fluordeoxyglucose positron emis-
sion tomography (FDG-PET) computed tomography (CT) 
for staging of patients with T4 tumours. We therefore 
questioned the value of our routine CXR for staging of 
asymptomatic melanoma patients and hypothesised 
that routine CXR is not justified.

mEthOds
In an effort to analyse the value of routine CXR as a pre-
operative method for detecting occult lung metastases 
in asymptomatic patients undergoing WLE and SLNB for 
cutaneous melanoma, we conducted a retrospective 
study including patients treated over a five-year period 
with a minimum of one year of follow-up. Our primary 
outcome was detection of lung metastases at the time 
of diagnosis with CXR, and the secondary outcomes 
were sensitivity, specificity, and the positive and nega-
tive predictive values of CXR. 

All patients undergoing SLNB of the axilla and/or 
groin at our department from January 2010 through 
December 2014 were identified from our patient regis-
ter system using the procedure codes for SLNB. The pa-
tient cohort was cross-checked with the national Danish 
Melanoma Database (DMD) for patients who were 
scheduled for SLNB, but did not have the procedure per-
formed due to metastatic disease at the time of their  
diagnosis. Data were extracted from the prospectively 
registered DMD and cross-checked with the Danish 
Pathology Register and our hospital’s and collaborating 
hospitals’ electronic medical notes, which contain clin-
ical data and also imaging and imaging reports. 
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The exclusion criteria included lack of preoperative 
CXR (n = 75), loss to follow-up within one year (n = 7), 
melanocytic tumours of uncertain malignant potential  
(n = 19), SNB omitted due to non-adherence to recom-
mended surgical treatment or failure of technique (n = 
6), or multiple concurrent cancers treated simultan-
eously (n = 1). In total, 108 patients were excluded, leav-
ing 603 for analysis. Of the study population, 122 (20%) 
had more than one melanoma, either previously or dur-
ing the study period. In case of multiple melanomas 
treated with WLE and SLNB simultaneously (n = 10) or 
on two or more occasions within the study period (n = 
9), data from the tumour with the highest pathological 
stage were included in this study. 

Following surgery, all patients entered a five-year 
surveillance programme at our unit with routine clinical 
follow-up; quarterly the first two years and half-yearly 
the following three years. No laboratory tests or imaging 
were performed routinely. If a patient developed symp-
toms or presented with clinical signs that raised suspi-
cion of recurrence, he or she underwent further relevant 
examination, mostly whole body 18F-FDG PET/CT (PET/
CT) and/or lymph node sonography. We applied a low 
threshold for PET/CT, which is readily available at our 
unit. A follow-up period of minimum 12 months was ob-
tained for all patients as it was expected that any lung 
metastasis present at diagnosis would become clinically 
evident within this time frame.

The electronic CXR reports were categorised into 
negative, or, positive if lung metastases could not be 
ruled out. The medical notes were reviewed for evi-
dence of lung metastases. If the CXR was positive and 
the patient developed lung metastasis, all further imag-
ing findings, mostly PET/CT, were reanalysed by an  
onco-radiologist for correlation of the findings, and if 

present, the CXR was defined as a true positive. If no 
correlation was found, the CXR was defined as a false 
positive. If the CXR was negative, but the patient de-
veloped lung metastasis, imaging was similarly reana-
lysed. If a normal PET/CT had been performed within the 
period of the initial diagnosis and the development of 
lung metastases, the preoperative CXR was categorised 
as a true negative. If lung metastases were suspected on 
the first post-operative PET/CT, regardless of time since 
diagnoses, the CXR was reanalysed by an onco-radiolo-
gist and defined as either a true or a false negative. 

The reference standard for diagnosis of lung meta-
stases was based on clinical notes, histopathological  
examination (when available) and reading of PET/CT or 
CT within the follow-up period of a minimum of one 
year. The lung lesions that had raised suspicion of meta-
stasis were considered to be malignant if confirmed his-
tologically, or if PET/CT or CT results were suggestive of 
lung metastasis in a patient with either other histologic-
ally confirmed melanoma metastases or in a patient who 
progressed to dying of metastatic disease. 

statistical analyses
The statistical software package SAS 9.4 for Windows 
was used for all analyses. Point estimates for sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated. The sensitivity 
was the proportion of patients with lung metastases 
who were correctly identified by preoperative CXR. This 
was calculated as: true positives/(true positives + false 
negatives). The specificity was the proportion of patients 
without lung metastases who were correctly identified 
by the preoperative CXR. This was calculated as: true 
negatives/(true negatives + false positives). The PPV, 
which indicated the likelihood that the patient had lung 
metastases if the CXR was positive, was calculated as: 
true positives/(true positives + false positives). The NPV, 
which indicated the likelihood that the patient did not 
have lung metastases if the CXR was negative, was cal-
culated as: true negatives/(true negatives + false nega-
tives). Results were given as percentages and exact 95% 
confidence intervals (CIs).

Trial registration: The study was approved by the Danish 
Regional Committee on Biomedical Research Ethics  
(r. no.: H-4-2014-127), the Danish Data Protection Agen-
cy (2012-58-0004, local r. no.: HEH-2015-003, I-Suite no.: 
03436) and by the Danish Melanoma Group.

REsUlts
A total of 603 patients were included in the study (table 
1). The mean time of follow-up was 34 months, range: 
13-75 months. Of the 603 patients, 25 (4%) had a posi-
tive CXR and 578 (96%) had a negative CXR (table 2). 

Chest X-ray of a 76-year-
old woman with melan-
oma showing two pul-
monary nodules in her 
left upper lung lobe con-
sistent with metastatic 
disease.
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Four (0.7%) patients had lung metastases confirmed.  
Of these, three patients had T3 tumours with Breslow 
thicknesses of 2.62 mm, 2.50 mm and 2.20 mm, respect-
ively, and one patient had a T4 tumour with a Breslow 
thickness of 11.37 mm. However, as the sensitivity of 
50% (95% CI: 7%-93%) in table 3 shows, only half met 
our primary outcome of having lung metastasis detected 
by CXR. The specificity was 96% (95% CI: 94-98%), the 
PPV was 8% (95% CI: 1-26%) and the NPV was 100% 
(95% CI: 99-100%) (Table 3). 

Two patients (0.3%) were upstaged and manage-
ment was altered in one patient (0.1%). The upstaged 
patients both proceeded with WLE and SLNB, and one 
patient underwent pulmonary metastasectomy, but pro-
gressed and died of metastatic melanoma within four 
months. The other patient was diagnosed with widely 

disseminated metastases not amenable to treatment 
and died within five months. 

discUssiOn
Staging of cutaneous melanoma is important in manag-
ing treatment. As part of staging, CXR has been used in 
order to detect asymptomatic lung metastases, which 
could affect treatment decisions in terms of omitting or 
allowing for further surgery and/or systemic therapy. 
However, very few patients present with occult lung  
metastases at the time of diagnosis [8-10]. The overall 
occurrence of lung metastases at the time of diagnoses 
in our study was low (4/603, 0.7%). Management was al-
tered in one patient, but with no improvement in surviv-
al. A high sensitivity is important if the use of CXR should 
continue to be used to identify lung metastases. How-
ever, we found a low sensitivity of only 50%. The false 
positive CXR rate was 4% and with the low percentage of 
true-positives (0.3%), the PPV was 8%. Our results are in 
accordance with those reported in recent studies, which 
have documented low detection rates, high false posi-
tive rates, a low sensitivity and a lack of significant im-
pact on survival of staging with CXR [7-11]. 

Among the strengths of our study are the large 
number of patients, comprehensive data available on 
patient characteristics, follow-up data and further imag-
ing, mostly PET/CT. All patients were treated in accord-
ance with the national protocol from the Danish Melan-
oma Group [12]. Availability of the DMD, electronic 
medical notes from all collaborating departments and a 
nationwide pathology register provided any missing 
data. Also, all CXR suspicious of lung metastasis in pa-

tablE 1

Patient characteristics (N = 603).

Male/female, n (%) 315 (52)/288 (48)

Age, yrs, mean (range) 62 (16-93)

Another melanoma in situ and/or  
melanoma, n (%)

122 (20)

Localization, n (%)
Head and neck     5 (1)

Trunk 307 (51)

Extremities 291 (48)

Melanoma type, n (%) 
Acral lentigo     4 (1)

Desmoplastic     7 (1)

Lentigo maligna     1 (0.2)

Nodular   90 (15)

Superficial spreading 431 (71)

Unclassified   70 (12)

Breslow thickness, n (%)
0-1.00 mm 126 (21)

1.01-2.00 mm 247 (41)

2.01-3.00 mm   87 (14)

3.01-4.00 mm   36 (6)

> 4.00 mm   50 (8)

Not available   57 (10)

Ulceration, n (%) 
Yes 121 (20)

No 464 (77)

Not available   18 (3)

Sentinel lymph node biopsy, n (%) 
Negative 490 (81)

Positive 119 (18)

Not available     3 (0.5)

M stage, n (%)  

M0 597 (99)

M1a-ca     6 (1)

Follow-up, mo., mean (range) 34 (13-75)

a) 6 patients were immediately post-operatively diagnosed with meta-
stasis: 4 with lung metastasis and 2 with cutaneous metastasis.

tablE 2

Table of frequencies of chest X-ray results and presence of lung metasta-
ses (N = 603). The values are n (%).

Result metastasisa no metastasisa total

Positive 2 (0.3)b   23 (4)d   25

Negative 2 (0.3)c 576 (96)e 578

Total 4 599 603

a) Reference based on information from subsequent follow-up and/or 
imaging; b) True positive; c) False negative; d) False positive;  
e) True negative.

tablE 3

Diagnostic accuracy of 
chest X-ray for lung  
metastases (N = 603). The 
values are % (95% confi-
dence interval).

Sensitivity 50 (7-93)

Specificity 96 (94-98)

Positive predictive value 8 (1-26)

Negative predictive value 100 (99-100)
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tients who developed lung metastasis and all further di-
agnostic imaging performed on them were scrutinised 
by an experienced onco-radiologist for correlation. 
Previous studies with similar findings have been per-
formed on smaller numbers, lacking patient characteris-
tics or long-term follow-up or have been conducted with 
inhomogeneous patient groups, or evaluation of both 
patients in the initial phase and at subsequent follow-up 
visits [8, 9]. 

A limitation of this study was the relatively low 
number of patients (n = 50, 8%) with tumours thicker 
than 4.00 mm, who have a poorer prognosis [13]. Fur-
thermore, we excluded 75 patients, who did not have a 
CXRs performed. We also only reanalysed positive CXRs 
and subsequent imaging of patients who developed lung 
metastasis. 

In this study, two patients (0.3%) had false negative 
CXRs. However, the aggressive course of these two cases 
would presumably have led to the diagnosis soon here-
after, regardless of CXR, and we did not find that these 
cases added significantly to the diagnostic value of the 
routine CXRs in this study. Two patients had a true posi-
tive CXR and management was altered in one patient; 
however, with no improvement in survival. 

A larger group of 23 (4%) patients had false positive 
CXRs and did undergo further examination and/or imag-
ing. The psychological distress that these patients may 
undergo does not seem justified, taking into account the 
low prevalence of lung metastasis and the low sensitivity 
of CXR. The argument of having a baseline CXR on these 
patients does not alter this. 

Despite accumulating evidence, not all centres/coun-
tries have implemented these findings, and like our own 
centre, they have routinely examined patients with CXR. 

Lung metastases can be treated surgically or with 
systemic treatment that improves survival, and it is 
therefore important to detect lung and other meta-
stases at an early stage [4-6, 14].

cOnclUsiOn
Even though CXR is an inexpensive and a readily avail-
able modality, its low diagnostic value outdates its use. 
Based on our results and existing evidence we conclude, 
in line with various international and national guidelines 
[15-20], that the use of routine CXR cannot be justified 
for initial staging of cutaneous melanoma patients. The 
guideline on treatment of melanoma in Denmark is  
under revision: The use of CXR has been omitted and 
most centres in Denmark now use PET/CT for staging in 
patients with T4 tumours, or with clinical metastases at 
the time of diagnosis. Additional indications may be in-
cluded in the future. 
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