Received: 6 February 2019

Revised: 10 May 2019

Accepted: 4 June 2019

DOI: 10.1002/hed.25843

ORIGINAL ARTICLE

A nomogram to estimate the risk of developing distant
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Abstract
Background: Parotid cancer (PC) is a heterogeneous group of malignant tumors whose
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management mainly focuses on locoregional control. However, distant metastases
(DM) can represent the most common cause of treatment failure. We have defined the
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predictors and developed a model that can predict a single patient's risk to develop DM.
Methods: We have analyzed our institutional database of 259 patients with PC and
use it to develop a nomogram. C-index and calibration curves were used to assess
performance of our model.
Results: DM appeared in 18.9% of patients. Age, cT, pN, perineural invasion, and
adenoid cystic carcinoma were significantly associated with distant failure.
Conclusions: We here present the first model to identify patients with PC at high
risk of DM. Such tool can be of great value in managing these rare cancers in terms
of a more precise prognosis and follow-up while waiting for better systemic therapies to come in the future.
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1 | INTRODUCTION
Parotid cancer (PC) represents a wide array of rare and biologically different malignant tumors.1,2 Recent epidemiological data
show the crude incidence of primary malignant salivary tumors
to be 0.9 per 100 000 and almost 80% of them to arise in the
parotid gland.3 Despite recent new insights, molecular carcinogenesis of PC remains at present poorly understood.4,5 It is thus
very hard to develop prevention strategies because no clear etiologies are known, although a recent and well-conducted study has
suggested former and current smoker status to be a significant
risk factor for PC.5 Mortality has not changed in the last decades
with a 5-year overall survival (OS) of about 60%.3-5 It is currently
established that PC management is chiefly surgical with adjuvant
radiation therapy (RT) in most cases.6 It is crucial for surgery to
be performed in a high-volume facility in order to obtain a
margin-free resection because it has been recently highlighted
Head & Neck. 2019;41:3309–3316.

how this have a tremendous impact on prognosis.7 At present,
while the optimal management of locoregional disease and facial
nerve has reached a large consensus in the literature, we continue
to suffer the lack of effective systemic therapy.8,9
Distant metastases (DM) can occur on average in 20%-30%
of patients (range, 0%-61.5%) and, according to some authors, it
is the most common cause for treatment failure.10-12 Interestingly, their appearance seems unrelated to locoregional control
and this poses many issues as far as the global management strategy of PC patients is concerned.10,12,13 Once diagnosed, prognosis is generally poor and combination chemotherapy (CHT)
regimens offer low response rates and duration.10,12 The risk of
DM is known to be associated with several factors such as histologic type, grade, and so forth.13 To the best of our knowledge,
no specific tool exist in the literature that can help head and neck
surgeons to predict the risk of DM. Thus, we have updated and
analyzed data from our institution to create a model and its
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nomogram so that more tailored decisions can be made in planning PC therapy.

2 | P A T I E N T S A N D ME T H O D S
2.1 | Criteria for selecting patients and
predictors
We have collected all patients who received surgery for primary
PC at the Division of Otorhinolaryngology of the University of
Florence, updating our existing data set from 1980 up to 2018.13
For each patient, after the Institutional Review Board approval,
the following data were extracted from medical records: age at
diagnosis, sex, date and type of surgery (superficial vs total vs
radical parotidectomy), clinical and pathological tumor and
nodal stage reclassified whenever possible according to the VIII
edition of the TNM system (American Joint Committee on
Cancer-Union Internationale Contre le Cancer, 2018),14 type of
neck dissection (none, selective, radical/modified radical), presence of facial nerve paresis/paralysis, presence of skin involvement, and adjuvant therapy performed (RT or CHT). At our
institution, all cases had at least ultrasound scans of the salivary
glands and the neck and a fine needle aspiration/biopsy before
surgery. Only in the last 10 years, gadolinium-enhanced MRI of
the head and neck was additionally requested as a staging procedure. Chest x-ray was always obtained before surgery and no
other diagnostic techniques were performed unless specific signs
or symptoms were evident. Clinical involvement before surgery
or intraoperative evidence of facial nerve infiltration was our
criteria for performing radical parotidectomy. Follow-up consisted of scheduled clinical and radiological evaluation with the
head, neck, and chest CT depending on cases. In the postoperative period, further evaluation such as the liver, brain, or bone
imaging was requested only when a clinical suspicion was
apparent.

2.2 | Statistical methods
We have adapted our previously implemented model to the present series and we refer the interested readers to that paper for
more detailed explanation.15 Briefly, potential factors predictive
of DM were initially searched for by univariate analysis using
logistic regression. Then, multivariate analysis was performed for
all patients and then separately for each histotypes, incorporating
every single covariate at the P < .1 level and using multinomial
logistic regression model. We chose to determine unadjusted
odds ratios with 95% confidence intervals (CIs) by the likelihood
ratio and Wald test. We have built the model for all PC by including covariates that exhibited a significant association with the
event at the P < .1 level at the univariate and at the P < .2
level at the multivariate analysis using the backward stepwise
elimination method. Multicollinearity was corrected by Akaike

information criterion. Concordance was assessed by calculating
the C-index and the receiver operating characteristic (ROC) curve
which corresponds to C-index in case of binary categorical covariate.16 Calibration accuracy was assessed grouping into deciles
the probability of developing DM and finally represented by a
calibration plot.16,17 Standard statistics were implemented for the
descriptive part and OS analysis was conducted using the
Kaplan-Meier method. OS was defined as the time elapsing from
the month of surgery to death or last follow-up visit. All tests conducted were 2-tailed, and P < .05 was considered statistically significant. Overall, missing values represented 4.61% of the data
and we have decided to exclude them from the calculations without applying any correction technique because of their low proportion. Columns regarding histological grade and surgical
margins were the most heavily affected by missing data.
All statistical analyses were performed using the open
source statistical environment R, build 3.5.1 (10-02-2018,
The R Foundation for Statistical Computing, available at
www.r-project.org) with “rms,” “modelgood,” and “pROC”
additional packages.

3 | RESULTS
A descriptive analysis of the cohort of 259 patients is presented in Table 1. Our population had a mean age of 58 years
(range, 10-87; median, 61) and mean follow-up time was
66.58 months ranging from 2 to 221. For patients who were
alive at the end of follow-up time, mean follow-up was
77.68 months with a median of 74 months. In almost the
totality of cases, patients underwent total parotidectomy
(with or without facial nerve sacrifice) and the majority of
them (62.6%) received at least I-III or I-IV elective ipsilateral neck dissection. From an histopathologic point of view,
166 (64.3%) patients with PC were considered to be high
grade. Facial nerve paralysis was present in 47 out of the
61 cT4 patients (77%) whereas skin infiltration was evident
in 13 of them (21.3%). After elective neck dissection,
26 patients deemed to be clinically node negative showed
occult nodal metastasis (12.2%) which was a criterion for
adjuvant RT. Another one was represented by positive resection margins which were found in 37 cases (14.3%).
Overall, postoperative RT was administered in 156 (60.2%)
whereas only 20 patients received concomitant RT-CHT.
We had 55 (21.2%) local and 27 regional recurrences
(10.4%). Mean time to the appearance of local recurrence
was 23 months; for neck recurrence, it was 20 months.
When OS is considered, Kaplan-Meier curve is shown in
Figure 1. In the present work, the OS at 3, 5, and 10 years
are 75.9%, 65.4%, and 54.1%, respectively.
Forty-nine patients out of 259 (18.9%) eventually developed
DM during the period of observation. There were 29 males
(59%) and 20 females (41%, P = .11) in this group with a mean
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T A B L E 1 General and surgical descriptive features of the study
population (total no. = 259)
Characteristics
Sex

T classification

N status

Stage

Type of surgical
resection

Histologic types and proportion of distant metastases
(DM) in the study population

No. (%)

No. of
cases (%)

No. of
DM (%)

Male

151 (58.3)

Histotype

Female

108 (41.7)

Mucoepidermoid carcinoma

56 (21.6)

6 (10.7)

Adenoid cystic carcinoma

47 (18.1)

15 (31.9)

cT1

49 (18.9)

cT2

104 (40.2)

cT3

45 (17.3)

cT4

61 (23.6)

cN0

213 (82.2)

cN1

18 (6.9)

cN2

26 (10.1)

cN3

2 (0.8)

I

47 (18.1)

II

91 (35.1)

III

48 (18.5)

IV

73 (28.2)

Superficial parotidectomy

19 (7.3)

Total parotidectomy (with
preservation of facial nerve)

Neck management

TABLE 2

162 (62.6)

Radical parotidectomy (with
sacrifice of facial nerve)

78 (30.1)

No dissection

28 (10.8)

Selective neck dissection
(levels I-IV)

162 (62.6)

(Modified) Radical neck
dissection

69 (26.6)

FIGURE 1

Overall survival curve according to Kaplan-Meier
method with 10 years of follow-up in our population

age of 53.9 years (range, 11-78). In Table 2, all histotypes
included in the present series and tumor specific proportion of
DM are shown. In the present series, mucoepidermoid carcinoma (MEC), acinic cell carcinoma, and adenoid cystic carcinoma (ACC) were the most represented types of PC. The latter

Acinic cell carcinoma

39 (15.1)

5 (12.8)

Carcinoma ex pleomorphic
adenoma

30 (11.6)

3 (10)

Adenocarcinoma, NOS

32 (12.4)

7 (21.8)

Salivary duct carcinoma

17 (6.6)

5 (29.4)

Epithelial-myoepithelial
carcinoma

14 (5.4)

2 (14.2)

Squamous cell carcinoma

12 (4.6)

1 (8.3)

Basal cell adenocarcinoma

6 (2.3)

2 (33.3)

Undifferentiated carcinoma

5 (1.9)

3 (60)

Clear cell carcinoma
Total

1 (0.4)
259 (100)

0 (0)
49 (18.9)

showed a particularly high rate of DM with almost one out of
three patients affected. Patients with DM had more often high
grade tumors (81.6% vs 59.52%, P = .004) and more often perineural invasion (PNI) was found at pathological examination
(38.7% vs 16.1%, P = .001). On the other hand, no significant
differences were spotted in terms of higher cT proportion (53%
in cM1 vs 61.9% in cM0 cohort, P = .06) or positive surgical
margins (16.3% vs 13.8%, P = .65) between the two groups. A
very intriguing result is that neither local nor regional recurrence
was associated with DM growth. Among the 49 patients with
DM, 12 (24.4%) had also local relapses and 6 (12.4%) showed
regional failure. In other words, 31 of 49 (63.2%) patients in the
present series developed DM despite locoregional control was
obtained thanks to surgery/RT.
Mean time to DM appearance was 52.32 months with a range
of 0-142 months. When only ACC is considered, DM became
apparent about 7 years after surgery on average (84.6 months).
Regarding site of DM, the lungs (33, 67.3%) were mostly affected
followed by the skeletal bones (7, 14.3%), brain (2, 5.1%), and
multiple sites (6, 12.24%). Among the 95 (36.6%) patients who
died during the follow-up, excluding two of them whose death
was unrelated to PC, we notice how 49 of 93 (52.6%) patients had
DM as the main or subsidiary cause of death. We have then investigated whether the time to DM appearance could affect oncologic
outcomes. Taking into account all histotypes, survival curves
(Figure 2) suggest early DM portends a significantly poorer prognosis when cutoff is set at 1 year (log-rank test, P = .03). For other
cutoffs, differences were not significant but trend was always in
favor of late onset DM (log-rank test for 24 months, P = .21; for
36 months, P = .24; for 60 months, P = .67). When only ACC is
considered, again a higher OS was found in case of late-appearing
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DM but differences did not reach significance (log-rank test for
12 months, P = .83; for 24 months, P = .91; for 36 months,
P = .92; for 60 months, P = .91).
We have then performed univariate (Table 3) and multivariate analyses (Table 4) in order to identify the strongest
predicting factors of DM. Afterward, by choosing among the
aforementioned covariates, we built a general model and its
user-friendly representation (Figure 3) to estimate the risk of
developing DM. Figure 4 shows instead the strength of our
nomogram in predicting the DM expressed by calibration
plot and ROC curve. Its C-index was 71.5% and we can see
how the model loses some power (ie, calibration is lower)
when DM predicted risk exceeds 50% (Figure 4). We

eventually tried to develop some histology-specific models
for the most represented types in our series. Unfortunately,
not MEC or ACC cases were sufficient to develop such
model because of too low statistical power to build a
nomogram.

4 | DISCUSSION
In the literature, incidence of DM in salivary gland malignant tumors is estimated to be around 20%-30%.18,19 Even in
TABLE 4

Factors predictive of developing distant metastases
(DM) in parotid malignancies at multivariate analysis and that have
been incorporated into the graphical model

FIGURE 2

Overall survival curve for all histotypes according to
time to appearance of distant metastases (DM) and with cutoff time at
12 months. MTX stands for “metastases.” Log-rank test, P = .03
[Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3

ORCI
95% (Wald)

P
value

.018 (0.010)

0.982*
0.963-1.002

.06

cT

.275 (0.166)

1.317*
0.951-1.823

.09

pN+

.715 (0.373)

2.044*
0.984-4.246

.06

PNI

.838 (0.399)

2.312**
1.058-5.053

.04

ACC vs other
histology

.706 (0.422)

2.026*
0.886-4.633

.09

Covariates

Beta (SE)

Age

Abbreviations: ACC, adenoid cystic carcinoma; CI, confidence interval; OR,
odds ratio.
*P < .1; **P < .05.

Univariate analysis of all factors considered to be predictors of developing distant metastases

Covariates

OR

P value

Covariates (cont.)

OR

P value

Sex

1.046

.89

Skin infiltration

1.985

.27

Age

0.988

.15

PNI

3.260***

.001

cT

1.416**

.02

Adjuvant RT

4.234***

.000

cN

1.205

.20

Adjuvant CHT

3.220**

.02

cN0 vs cN+

2.225**

.03

Local recurrence

1.260

.54

pT

1.546***

.004

Regional recurrence

1.256

.64

pN

1.323*

.02

Mucoepidermoid carcinoma

0.447*

.08

pN0 vs pN+

1.323*

.02

Adenoid cystic carcinoma

2.454**

.01

Occult N

1.326

.57

Salivary duct carcinoma

1.875

.26

Stage

1.424**

.02

Carcinoma ex pleomorphic adenoma

0.442

.19

Facial nerve paralysis

3.624***

.000

Acinic cell carcinoma

0.588

.29

Grade

2.928***

.007

Epithelial-myoepithelial carcinoma

0.770

.74

Type of resection (superficial vs total parotidectomy)

0.408***

.001

Squamous cell carcinoma

0.377

.36

Resection margins

1.204

.67

Basal cell adenocarcinoma

2.191

.37

Note: Occult N refers to a clinically N0 patients who shows node metastases at final pathological report.
Abbreviations: CHT, chemotherapy; OR, odds ratio; PNI, perineural invasion; RT, radiation therapy.
*P < .1; **P < .05; ***P < .01.
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FIGURE 3

A nomogram to predict
the risk of developing distant metastases
(DM) from a primary parotid gland
malignant tumor. Each factor (age,
pathologic nodal status etc.) must be
vertically referred to the “Points” line and the
sum of points for each variable is then
calculated for the single patient. At the
bottom, total points correspond, by vertical
downward projection, to the estimated
overall probability of developing DM. As a
practical example, a 55-year-old man with a
mucoepidermoid carcinoma causing facial
nerve paralysis and which turns out to have
PNI and occult neck disease at final
pathologic report has got a very high
probability (210 points, nearly 60%) of
developing DM. On the other hand, a small
capsulated cT1 acinic cell carcinoma with no
regional metastases or PNI in a 70-year-old
woman has a negligible risk of DM (40 point,
less than 10%). C-index for the model is
0.715. ACC, adenoid cystic carcinoma; cT,
clinical T classification according to TNM
VIII ed.; PNI, perineural invasion

FIGURE 4

Measures of accuracy of the nomogram for the
prediction of developing distant metastases (DM). A, Calibration plot
for DM risk model. It shows ideal (straight line) correspondence
between models predicted (plotted in the x axis) and actual observed
DM development in our series (plotted in the y axis). glm, generalized
linear model. B, Receiver operating characteristic curve with C-index

our series, one in five cases of PC eventually developed DM
and this risk depends upon numerous variables which have
been variously investigated in the last decades.11-13,19 In the

present paper, we have confirmed the prediction value of
some of them and proposed a practical instrument to estimate individual's chance to develop disseminated disease.
Clinical and pathological factors, such as tumor grade,
margin status, PNI, or age, have proven to be more useful to
predict prognosis than the sheer clinical or pathological
stage.16 About 20 years ago, individualized prognostic
scores for PC had already been developed by Vander
Poorten et al.20 Such prognostic tool has also been subsequently applied to several cohorts, proving the overall validity of this classification.21-24 Nevertheless, the TNM system
for major salivary gland cancer, even in its latest edition,
does not take into account the aforementioned variables.14
In this regard, nomograms could help to easily consider
important prognostic factors beyond the mere T and N classification. The Memorial Sloan Kettering Cancer Center has recently
developed and externally validated three nomograms to predict
overall cancer-specific survival and recurrence (therein defined
as local, regional, and distant) for major salivary glands cancer.25
Remarkably, their latter model was quite similar to ours in terms
of covariates included.25 In 2015, the same group had presented
their data on 301 salivary cancers of the head and neck and they
also found cT, pN, and PNI as significant predictors of DM.26 In
their cohort, 266 (88%) were primary parotid lesions and their
reported incidence of DM for salivary duct and adenocarcinoma
was comparable to ours whereas for ACC it was lower.26
In the last years, we have found other three large published
series of PC that need to be discussed.27-29 The first is a data set
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of 165 patients from India that identifies nodal disease as the
most important risk factor affecting survival.27 Of note, they
declared a mean and median follow-up time of 43.5 and
38 months which explains the only 14 cases (8.4%) of DM
reported.27 The second is a multi-institutional study from Japan
considering 195 surgically treated PC cases.28 Authors identified
only pathological nodal positivity as a risk factor for a lower
DM-free survival in multivariate analysis.28 They also found an
occult nodal disease in only 12 of 195 (6.1%) patients which is
the half compared to our findings; anyway, these figures can be
better interpreted in light of an elective neck dissection percentage of 33.7% vs the 62.6% in the present work.
Finally, a report from Princess Margaret Cancer Center of
215 patients with PC confirmed the predictive role of nodal positivity in DM development and suggested lymphovascular invasion to be an additional factor.29 They report a DM rate of 13.4%
whereas 5- and 10-year OS were higher than ours and this could
be explained by their far lower proportion of ACC in the data set
(9.3% vs 18.1%).29
The independence of locoregional control from distant failure
for PC had been already suggested many years ago and the present paper represents an update from two previous works conducted at our institution.13,30 By using our model, it is possible
to estimate a personalized risk of developing DM and this could
help surgeons both to identify which patients would benefit from
an aggressive treatment strategy (ie, once locoregional control is
achieved, it would become extremely unlikely to die of distant
relapse) and to select which patients need a more intense (and
costly) follow-up strategy. For instance, it is known that positron
emission tomography (PET) imaging has an excellent sensitivity
(92%) and a good specificity (82%) for staging and restaging
PC.31 A retrospective work has shown PET/CT to be the deciding exam between curative or palliative intent in 14.5% of
patients with PC.32 In addition, some specific PET parameters
have been recently shown to predict DM-free and diseasespecific survival.33,34 Thus, in face of no clear guideline indication about whether and when to perform PET imaging in PC
cases, a more precise estimate of the individual's risk could
become the basis of a more rational and cost-effective choice.35
In terms of therapeutic management, when confronted with
the over 20 primary malignant tumors described in the latest
WHO classification, it is currently accepted that response to
CHT is histotype-specific.36,37 Platinum-based polychemotherapy is superior to monotherapy against ACC whereas paclitaxel or gemcitabine are active against adenocarcinoma or
MEC.36,38 However, oncological results of conventional regimens remain disappointing and the same is true for newer cytotoxic drugs.36 In addition, given the relative indolent nature of
most metastatic lesions, most oncologists agree to initiate CHT
only in face of symptomatic or rapidly progressing disease.36
Regarding targeted drugs and biomarker-driven CHT, figures
are slightly better. In particular, anti-HER2 drugs or androgen-
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deprivation therapy in disseminated salivary duct carcinomas
have demonstrated complete or partial responses even for several
years with negligible toxicity compared to combination
CHT.36,39,40
Nowadays, salvage surgery for DM maintains a niche indication and metastasectomy remains so far the only local effective
therapy for ACC disseminated to the lungs.6,41 A recent study
has clarified that the advantage in terms of prognosis exists only
when complete resection is performed (regardless of the number
and the site of lung lesions) and the time to appearance of DM
after primary resection is >36 months.41 In our series, we have
shown a similar trend in terms of late-onset DM but, for ACC
cases only, we could not find a significant difference (log-rank
test for 36 months, P = .92).
There are three major limitations of the present study: first,
the impossibility of creating a histology-specific nomogram for
DM. Although these tools would have indeed more clinical significance for the head and neck surgeon, yet only few centers
could have the statistical power to reach significance and future
collaborative efforts seem to be the only way to solve this issue.42
Two good examples are the works published not long ago by
Ganly et al and by Xu and coworkers.43,44 In the former, authors
present several nomograms for overall and cancer-specific survival and recurrence-free probability from a multi-institutional
series of 438 ACC cases of major and minor salivary glands
including sinonasal disease.43 The latter work illustrates a
Chinese cohort of 75 MEC of the hard and soft palate (all of
which had neither regional nor distant disease preoperatively)
and a MEC-specific/site-specific prediction model is proposed.44
Another problem comes from the prognostic factors analyzed
in ours and other published nomograms which might be somehow considered “coarse” in today's scientific setting. New findings of several molecular markers are being published every
year and it seems imperative to rapidly translate them into clinical practice thus refining our prediction tools.45,46 For instance,
ACC's indolent behavior is explained by its scarce genetic instability whereas salivary duct carcinomas are characterized by a
high mutation rate and the expression of androgen receptor.45
Therefore, this latter type of PC has an aggressive clinical course
yet promising trials are being conducted using androgendeprivation therapy.36 Even more recently, it has been demonstrated how programmed death-1 ligand-1 (PD-L1) expression
can significantly predict outcomes and the risk of developing
DM.46 This opens new perspectives given the upcoming role of
anti-PD1 drugs in squamous and non-squamous carcinomas of
head and neck, including PC.46,47 In this regard, the aforementioned nomogram for MEC of the minor salivary glands has the
great merit of including into the model the expression of stem
cell markers CD44, CD133, SOX2, and Nanog as negative prognostic factors.44 A paper has just suggested the expression of
cancer testis antigen MAGE-A4 to be associated with a low risk
of DM in a large series of salivary gland cancer from Zurich.48
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However, identification of such biological predictors is still at
beginning and future studies are eagerly anticipated. The last
point is that, as other published models, ours is to be validated in
other external cohort in order to gain generalizability.17

5 | CONCLUSION
This is the first nomogram predictive of DM in patients with
PC. Today, despite no successful treatment strategies are available to manage distant failure of PC, we believe the creation of
such model could represent a crucial point to assess follow-up,
prognosis and, in the near future, a more effective systemic
targeted treatment. In order to enhance its value, future integration with molecular oncology and international multicenter studies are needed so that a true tailored approach can be applied to
these rare and complex group of head and neck cancers.
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