Journal of Cancer Research and Clinical Oncology (2019) 145:2123-2130
https://doi.org/10.1007/500432-019-02953-9

ORIGINAL ARTICLE - CLINICAL ONCOLOGY q

Check for
updates

Kaplan—-Meier analysis of salivary gland tumors: prognosis
and long-term survival

Yair Israel’ - Adi Rachmiel’ - Konstantin Gourevich? - Rafael Nagler'

Received: 25 March 2019 / Accepted: 7 June 2019 / Published online: 11 June 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Purpose We evaluated the impact of various tumor related parameters on survival probability in a cohort of patients with
malignant salivary tumors, using the Kaplan—Meier analysis.

Methods We measured patients up to 15 years following therapy, looking at T N M stage, grade perineural invasion and
extra-parenchymal spread.

Results Of 101 patients diagnosed with various salivary malignant tumors in our medical center, 79 patients survived while
22 died with disease (DWD). The impact of distant metastasis (M+) was devastating (survival probability at 60 months and at
180 months dropped from 0.93 (M—) to 0.40 (M+) and from 0.67 to 0.40, respectively, p=0.0001), the impact of perineural
invasion was severe (at 180 months the probability of survival dropped from 0.75 to 0.21, p =0.002). Higher stage tumor
also decreased survival (from 0.82 to 0.53 at 180 months, p=0.002) as did poor histological grade (from 0.85 to 0.48 at
180 months, p=0.019). Neck metastasis (N+) impact was quite moderate (at 180 months the probability of survival dropped
from 0.69 to 0.58, p=0.044) while neither tumor size (T) nor extra-parenchymal spread significantly affected survival.
Conclusions Salivary tumor location and its potential to infiltrate nerves and blood vessels and to metastasize is the most
telling parameter. Systemic therapy aimed at halting distant metastatic spread is the most effective therapeutic goal. Dissec-
tion of NO neck metastasis is not necessarily a valuable treatment.
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Introduction

Malignant salivary gland tumors are a heterogeneous and
highly diverse group, widely studied and debated. They
include many groups and subgroups of tumors found in
major and minor salivary glands, and various sub-locations
(Speight and Barrett 2009; Bjorndal et al. 2012; Li et al.
2012; Lobo et al. 2018). These tumors differ widely from
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each other in histology, clinical manifestation and respon-
siveness to various modes of therapy. Some are almost
benign in their natural behavior while others are extremely
aggressive (Guzzo et al. 2010; Seethala 2017; Carlson and
Schlieve 2019). The treatment of choice is based on surgical
removal of the tumor, sometimes supplemented with a form
of adjuvant therapy including neck dissection for removal of
neck metastasis. Radiotherapy may be aimed at the tumor
site and or the neck, while chemotherapy is sometimes added
(Renehan et al. 1999; Terhaard et al. 2004; Nakano et al.
2016).

The role and significance of neck involvement and extent
of lymphatogenous metastatic spread from salivary gland
malignancies is still controversial (Eppsteiner et al. 2017;
Munhoz et al. 2019). Obviously, clinically positive lymph
nodes should be removed by a neck dissection, together with
the resection of the tumor. However, treatment of the neck
may not be mandatory and especially not in all NO cases (no
evidence for neck metastasis) (Kopec et al. 2015). The fre-
quency of nodal involvement and associated risk factors are
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constantly being studied and evaluated (Nobis et al. 2014;
Kopec et al. 2015). Another parameter often discussed with
respect to prognosis is perineural involvement, which is a
well-recognized clinicopathologic entity found in salivary
gland malignancies. Perineural invasion (PNI) and spread
(PNS), also known as neurotopism, describes the growth of
a tumor around or through a nerve. An important distinction
has been made in the literature between PNI, a microscopic
finding of tumor cells infiltrating or associated with small
nerves (which cannot be radiologically imaged) and PNS,
the presence of gross tumor spread along a nerve, at least
in part distinct from the main tumor mass. For example:
adenoid cystic carcinoma (ACC) has less of a tendency for
PNI and more for PNS, whereas polymorphous adenocar-
cinoma (PAC) and salivary duct carcinoma (SDC) have a
tendency for PNI rather than PNS (Witt 1999; Johnston et al.
2012). Another parameter considered important in its ability
to affect patient outcome is extra-parenchymal extension.
Clinical or macroscopic extra-parenchymal extension (inva-
sion of soft tissue and nerve) upgrades the tumor size (T
value) to T3 regardless of the tumor’s maximal diameter
or size Barnes et al. 2005; Walvekar et al. 2011). A Korean
(Cho et al. 2016) study of 134 cases of low-grade salivary
gland cancer found 45 to have presence of extra-parenchy-
mal extension. The study showed how post-operative radio-
therapy significantly reduces recurrence rates in cases with
a pathologic feature such as extra parenchymal extension. A
study from Stodulski et al. (2012) showed how histologically
positive extra-parenchymal extension worsens prognosis by
4-5 times.

The purpose of the current study was to evaluate the
impact of various tumor-related parameters on the survival
probability of a representative cohort of patients with sali-
vary malignant tumors, using the Kaplan—Meier analysis,
considered the most powerful, non-parametric statistical tool
for estimating the survival function from life-time data.

Methods

We collected available data for 101 patients diagnosed with
a variety of malignant salivary tumors. These patients had
been admitted to and treated at Rambam Medical Center in
Haifa, Israel. Due to the retrospective nature of this study,
Rambam Medical Center’s Ethics Committee did not require
board approval and patient consent was not necessary. We
measured the surviving patients up to 15 years following
therapy, examining T N M stage, grade, perineural invasion
and extra-parenchymal spread. The aim of our research was
to investigate the impact of the T N M stage, grade perineu-
ral invasion and extra-parenchymal spread on survival rates
and patient prognosis. In the introduction section we detailed
the role of surgical removal, neck dissection, radiation and
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chemotherapy in cases of salivary gland malignancies. In
this section we describe the effect of neck dissection and
radiotherapy on survival—a subject which is still controver-
sial and under argument. The treatment options for salivary
gland malignancy are very well studied and reported; there-
fore, our focus is presently on the influence of tumor-related
parameters on patient survival.

Statistical evaluation and Kaplan-Meier survival
analysis

The statistical analysis was performed using the STATA 12.0
software.

For the categorical variables, numbers and percentages
were calculated. The distributions for the categorical vari-
ables between the two study groups were compared and
analyzed by the Chi square test (a parametric test) or by
Fisher—Irwin exact test (a non-parametric test for small
numbers).

The Kaplan—Meier model was used to calculate the prob-
ability of cancer-specific survival (CSS) and the probability
of disease-free survival (DFS) as a function of time. The
differences between the K&M curves were tested for sig-
nificance by the log-rank test.

All statistical tests were analyzed to a significance level
of 0.05.

Results
Patients, prevalence of tumors, grade and stage

Of the 101 patients, 79 survived while 22 died with disease
(DWD). The distribution of the various sorts of tumors was
typical of previously published studies (Guzzo et al. 2010;
Seethala 2017; Carlson and Schlieve 2019) and their spe-
cific prevalence in both the DWD patients and the surviving
patients (the “Other” group) was not significantly different
(data not shown). The most prevalent group of tumors was
mucoepidermoid carcinoma (MECA), followed by adenoid
cystic carcinoma (ACC), squamous cell carcinoma (SCC),
polymorphous low-grade adeno-carcinoma, acinic cell carci-
noma and adeno carcinoma groups. These six tumor groups
were included in 85 of the 101 patients, with MECA and
ACC most prevalent (28 and 25 patients, respectively). The
other four tumor groups had 5-10 patients in each. Finally,
the remaining 16 patients belonged to seven other tumor
groups with 1-5 patients in each. Carcinoma ex pleomorphic
was found in five patients while other cancers such as basal
cell adeno carcinoma and cribriform cyst adeno carcinoma
were found in only one patient.

Of the 101 patients, 17 had distant metastasis (M+) as
depicted in Table 1a, b. Almost half of the patients (10/22)
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Table 1 Summary of tumor parameters and metastasis by study group
(A) Tumor parameters DWD Other p value
N=22 N=T79
n (%) n (%)
Distant metastasis (M+)
Yes 10 (45.5) 7(8.9) t0.000 1
No 12 (54.5) 72 (91.1)
(B) Tumor parameters DWD and M+ Other and M+ Total
N=10 N=17 N=17
n (%) n (%) n (%)
Tumor (%)
Mucoepidermoid carcinoma 3(30.0) 3(17.6)
Adenoid cystic carcinoma 6 (60.0) 5(71.4) 11 (64.7)
Squamous cell carcinoma 1(10.0) 1(5.9)
Polymorphous low-grade adeno carcinoma 1(14.3) 1(5.9)
Adeno carcinoma 1(14.3) 1(5.9)

p value by tChi square test
p value by “Fisher exact test (p=0.2360 NS)

who died due to the disease [(DWD) belonged to the
M-+ subgroup while only about 10% (7/79) of the patients
who did not die due to the disease (“other” group, Table 1a,
b] had distant metastasis (Table la). The relationship
between distant metastasis and negative outcome is depicted
in Table 1b according to tumor groups. While no statistically
meaningful results may be drawn from the relatively small
number of cases involved (no.=17), it is noteworthy that all
3 cases of mucoepidermoid carcinoma with distant metas-
tasis died from the disease, and the distribution of patients
diagnosed with adenoid cystic carcinoma and had distant
metastasis was almost equal. In other words, of 11 patients
who had adenoid cystic carcinoma and distant metastasis (by
far the largest group with M+), 6 died from the disease and
5 survived (Table 1b).

Cancer-specific survival (CSS) probabilities

The probability of cancer-specific survival (CSS) of patients
with small tumor size (<4 cm) at 60 months (5 years) was
0.86 [with 95% CI of (0.75-0.92)]. The probability of CSS
of patients with large tumor size (>4 cm) at 60 months was
0.64 [with 95% CI of (0.28-0.86)]. The probability of CSS
of patients with small tumor size (<4 cm) at 180 months
was 0.70 [with 95% CI of (0.47-0.84)]. The probability of
CSS of patients with large tumor size (>4) at 180 months
was 0.64 [with 95% CI of (0.28-0.86)]. The difference was
not significant (p =0.1752) (Fig. 1a), nor was the difference
with respect to CSS among the T size subgroups divided to
4 [tumor size (£2,2<4,4<6,>6 cm)] (Table 2).

The analysis of the various subgroups of patients with
salivary tumors by tumor size included the following:

1. Tumor size (<£2), 41 patients with small T size <2 cm.
Tumor size (2 to <4), 36 patients with T size between
2<4 cm.

2. Tumor size (4 to <6), 12 patients with T size between
4<6.cm.

3. Tumor size (> 6), 4 patients with T size larger than 6 cm.

The probability of CSS of patients with neck metas-
tasis (N+) at 60 months (5 years) was 0.58 [with 95%
CI of (0.33-0.77)]. The probability of CSS with no neck
metastasis (N—) at 60 months was 0.89 [with 95% CI of
(0.78-0.95)].

The probability of CSS of patients with N+ at
180 months (15 years) was 0.58 [with 95% CI of
(0.33-0.77)]. The probability of CSS with N— at
180 months was 0.69 [with 95% CI of (0.46-0.84)]. The
difference is significant (p =0.0440) (Fig. 1b).

The probability of CSS of patients with distant metas-
tasis (M+) at 60 months (5 years) was 0.40 [with 95%
CI of (0.17-0.62)]. The probability of CSS with M— at
60 months was 0.93 [with 95% CI of (0.84-0.97)]. The
probability of CSS of patients with M+ at 180 months
(15 years) was 0.40 [with 95% CI of (0.17-0.62)]. The
probability of CSS with M— at 180 months was 0.67 [with
95% CI of (0.42-0.83)]. The difference was significant
(p=0.0001) (Fig. lc).

The probability of CSS of patients with low stage
(1 +2) at 60 months (5 years) was 1.00. The probabil-
ity of CSS with high stage (3 +4) at 60 months was 0.69
[with 95% CI of (0.53-0.80)]. The probability of CSS of
patients with low stage (1 +2) at 180 months was 0.82
[with 95% CI of (0.42-0.96)]. The probability of CSS with
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Fig. 1 Probability of cancer-specific survival (CSS) of patients with
salivary tumors by a tumor size (T); b neck metastasis (N); and ¢ dis-
tant metastasis (M)

high stage (3 +4) at 180 months was 0.53 [with 95% CI
of (0.30-0.72)]. The difference is significant (p =0.0020)
(Fig. 2).

The probability of CSS of patients with low grade at
60 months (5 years) was 1.00. The probability of CSS
with high grade at 60 months was 0.73 [with 95% CI of
(0.59-0.83)]. The probability of CSS of patients with low
grade at 180 months was 0.85 [with 95% CI of (0.51-0.96)].
The probability of CSS with high grade at 180 months was
0.48 [with 95% CI of (0.23-0.70)]. The difference is signifi-
cant (p=0.01910) (Fig. 3).

Low grade—there were 23 patients with low-grade
(level =1) primary malignant disease.
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High grade—there were 68 patients with high-grade
(level =3) primary malignant disease.

The probability of CSS of patients with perineural
invasion at 60 months (5 years) was 0.69 [with 95% CI
of (0.46-0.83)]. The probability of CSS with no peri-
neural invasion at 60 months was 0.90 [with 95% CI of
(0.78-0.95)].

The probability of CSS of patients with perineural
invasion at 180 months (15 years) was 0.21 [with 95%
CI of (0.01-0.56)]. The probability of CSS with no peri-
neural invasion at 180 months was 0.75 [with 95% CI of
(0.49-0.89)]. The difference was significant (p =0.0020)
(Fig. 4a). There were 29 patients with perineural invasion.

The probability of CSS of patients with extra-parenchy-
mal invasion at 60 months (5 years) was 0.65 [with 95%
CI of (0.42-0.80)]. The probability of CSS with no extra-
parenchymal invasion at 60 months was 0.90 [with 95% CI
of (0.79-0.95)]. The probability of CSS of patients with
extra-parenchymal invasion at 180 months was 0.65 [with
95% CI of (0.42-0.80)]. The probability of CSS with no
extra-parenchymal invasion at 180 months was 0.74 [with
95% CI of (0.50-0.88)]. The difference is not significant
(p=0.1162) (Fig. 4b).

Discussion

The Kaplan—Meier analysis enabled us to see the impact
of seven different indices/parameters on the outcome of
salivary cancer: T N M stage, grade, perineural invasion
and extra-parenchymal spread. These numbers detailing
the probability of survival up to a 15-year time point, fol-
lowed the commonly administered therapy that is based on
surgery, radiotherapy and, sometimes, adjuvant chemother-
apy. A Kaplan—Meier curve enables one to be immediately
impressed by both the severity and the dynamics of the ana-
lyzed effect on survival.

The impact of distant metastasis (M+) was devastating
(the probability of survival at 60 months and at 180 months
dropped from 0.93 to 0.40 and 0.67 to 0.40, respectively,
p=0.0001). The impact of perineural invasion was severe
as well (the probability of survival dropped from 0.75 at
60 months to 0.21 at 180 months, p=0.002). There were
also significant decreases in survival probability in patients
with higher stage (from 0.82 to 0.53 at 180 months,
p=0.002) and in patients with poorer histological grade
(from 0.85 at 60 months to 0.48 at 180 months, p=0.019).
In contrast, the impact of neck metastasis (N+) was quite
moderate (from 0.69 at 60 months to 0.58 at 180 months,
p=0.044), and there was no significant impact on survival
probability due to either tumor size (T) or extra-parenchy-
mal spread. However, larger tumors did show a limited ten-
dency towards decreasing the probability of survival as did
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Table 2 Cancer-specific survival of patients by tumor size and salivary tumors
Primary-cancer specific survival (CSS)

Tumor size 1(£2) 2(2<4) 3(4<6) 4 (>6)

Patients 41 36 12 4

Event: died with disease (pts) 7 7 2 2

No event: died from other 1 2

cause

No event: censored 33 28 8 2

Range (months) [3-222] [12-196] [10-180] [4-43]

CSS at 12 months (1 year) 1.00 1.00 1.00 0.75 (95% CI1[0.13-0.96])

CSS at 24 months (2 years)
CSS at 36 months (3 years)
CSS at 60 months (5 years)

0.95 (95% CI [0.81-0.99]) 0.86 (95% CI [0.69-0.94]) 0.90 (95% CI [0.47-0.99]) 0.75 (95% CI [0.13-0.96])
0.92 (95% CI [0.78-0.97]) 0.82 (95% CI [0.65-0.92]) 0.77 (95% CI [0.34—0.94]) 0.38 (95% CI [0.01-0.81])
0.89 (95% CI [0.73-0.96]) 0.82 (95% CI [0.65-0.92]) 0.77 (95% CI [0.34—0.94])

CSS at 120 months (10 years) 0.80 (95% CI[0.52-0.93]) 0.75 (95% CI[0.51-0.88]) 0.77 (95% CI [0.34-0.94])
CSS at 180 months (15 years) 0.64 (95% CI [0.26-0.86]) 0.75 (95% CI[0.51-0.88]) 0.77 (95% CI [0.34-0.94])

p=0.1648 (log rank test)

Comparing the probability of cancer-specific survival of patients with primary malignant disease by the four levels of tumor size (<2, 2<4,

4<6,>6 cm). The difference is not significant (p =0.1648)
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extra-parenchymal spread (both, as previously mentioned,
not reaching statistical significance).

Perineural invasion and spread is an important character-
istic feature of adenoid cystic carcinoma and it corresponds
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to the common clinical finding of pain in these patients.
Sometimes, the cells appear to have a swirling arrangement
around nerve bundles. However, it is not pathognomonic
only for adeno cystic carcinoma; this may also be seen in
other salivary malignancies, especially polymorphous
adenocarcinomas. Several studies have shown that micro-
scopic identification of perineural invasion has little effect
on prognosis (Neville 2008). However, most studies show
that perineural involvement has implications on locoregional
disease diagnosis and management (Frankenthaler et al.
1991; Inouye et al. 2017; D’heygere et al. 2018).

Because of the extensive neural pathway system, malig-
nant tumors of the major salivary glands have many routes
by which they can invade cranial nerves and intracranial
structures. Perineural spread has a significant, negative
impact on treatment and prognosis, because it requires more
extensive surgical resection and adversely affects treatment
outcome. Patients who have perineural spread often have
tumor recurrence, so that long-term survival is jeopardized.
Many treatment failures are related to unrecognized perineu-
ral tumor invasion (Frankenthaler et al. 1991). McHugh et al.
(2012) studied the prognostic factors of mucoepidermoid
carcinoma. They showed that perineural invasion together
with positive lymph nodes, extracapsular lymph node spread
and advanced stage were all found to be poor prognostic
indicators. They demonstrated how high-grade mucoepider-
moid carcinoma has a higher tendency to invade the nerves
than do low- and intermediate-grade illness.

Johnston et al. (2012) reported a case of salivary duct
carcinoma of the parotid gland that extended centrifugally
along the inferior alveolar nerve through the mandibular
foramen. Magnetic resonance imaging (MRI) is the most
useful and reliable imaging for identifying neural involve-
ment. Computed tomography (CT) can assist by evaluating
bony erosion or enlargement of foramina and canals.

As for distant metastasis, the very devastating effect that
distant metastasis had on survival probability in our patients
may be explained by hematogenous rather than lymphoge-
neous spread of the metastasis to remote sites. This finding
suggests the need to develop systemic therapeutic solutions
to counter hematogenous metastatic spread, obviously in
addition to the known established local/regional available
tools. We feel that choosing to develop in this direction is
further supported by the relatively low impact that neck
metastasis had in our patients, which further ignites the
debate surrounding the need to treat NO necks (where no
neck metastasis is found clinically or by imaging).

The management of NO neck is still not under consen-
sus as estimating the risk for neck occult disease is diffi-
cult. Kruse et al. (2010) advocated that the benefit of elec-
tive neck dissection for patient with low-grade malignant
tumor is insignificant. However, some researchers believe
that many patients should be advocated for elective neck
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dissection for any salivary gland malignancy (Kopec et al.
2015).

Spiro (2001) introduced the consensus that exists regard-
ing the predictors for occult neck metastasis risk: unfavora-
ble histology, pathologic grade, stage and size of the primary
lesion. Stennert et al. (2003) showed high rates of cervical
metastasis (in 53% of the malignant salivary gland tumors).
Herman et al. (2013) studied the benefit of elective neck
dissection prior to radiotherapy for patients with high-grade
salivary gland cancer and cNO. Occult metastases were
found in 18 (44%) of the 41 patients in the elective neck dis-
section group. This group had a 10% recurrence rate. It was
concluded that patients with cNO high-grade salivary gland
carcinomas who are planned for surgery and postoperative
RT are not likely to benefit from a planned neck dissection.

Therefore, it seems that neck metastasis is to be treated
when positive (based on clinical and/or imaging) and in cer-
tain cases even when negative. Our results supported this
approach as, neck metastasis certainly did worsen prognosis,
but to a rather limited extent especially when compared to
either distant metastasis or perineural invasion.

Our results relating to the reduced importance of both
tumor size (the T indicator) and extra-parenchymal spread
were unexpected, considering the traditional “respect”
given by clinicians to tumor size (T value). For example,
Spiro showed in 2001 that the clinical stage, particularly
tumor size, highly influences prognosis and survival rate. In
another study, T stage was a significantly more predictive
factor than histological grade of the specific tumor (Spei-
ght and Barrett 2009). In some studies it was reported that
stage III and IV tumors which are larger than 4 cm in size
(with or without nodal involvement) have worse prognosis
and outcomes, regardless of their histological type. There-
fore, malignant tumors larger than 4 cm were considered
an absolute indication for postoperative adjuvant radio-
therapy (McGurk 2001; Slevin and Frankenthaler 2001);
stage, specifically stages III and IV, is considered an inde-
pendent prognostic factor with negative impact on survival.
Disease-specific survival rates decrease dramatically in up
to 40% and recurrence rate is significantly higher for T3 and
T4 tumors (Bjorndal et al. 2012). Review by Jeannon et al.
(2009) showed the clear relationship between advanced T
stage, high-grade parotid malignant tumors and poor prog-
nosis with 35% overall survival rates.

In our study both the T and the extra-parenchymal spread
did not significantly decrease survival probability, prob-
ably due to the fact that specific location of the tumor is
more important than its size. If the tumor is located near
major deep blood vessels, as in the case of the parotid deep
lobe, then its potential for metastasizing is greater, as is its
lethality. Similarly, a tumor located in the parotid gland is
in far more intimate contact with blood vasculature than one
located within an encapsulated or palatal minor gland; thus
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the former is expected to be more lethal. Another problem
with the concept of extra-parenchymal spread is that the
boundaries of the tumor are not always clear and the margins
within a wide spread parenchymal gland such as the parotid
are not well defined. Thus, this may affect the statistical sig-
nificance of the results as the deviation of the results is quite
significant. It is worthwhile to note that the proximity to the
margins of the resected tumor and the clinical outcome are
well associated. While often the type of the tumor is consid-
ered an important factor prediction prognosis, in the current
study we found salivary SCC to be relatively more prevalent
than usually reported in other series. In the current study we
also included both low- and high-grade malignancies, which
may be regarded as an issue of concern (Badlani et al. 2018;
Radomski et al. 2018).

In summary, the results of the current study demonstrate
clearly that the two most important factors related to prog-
nosis of salivary malignant tumors are distant metastasis and
perineural invasion. The effect of the first is rapid and the
survival probability of the patients drops to its lowest within
the first 3 years, while the effect of perineural invasion,
though more prolonged, is also devastating. The dynamics
of perineural invasion are much slower, so that its full effect
is revealed only at a delayed time point of up to 15 years.
Following these two parameters were tumor grade and stage
which also negatively and significantly decreased survival
probability and also demonstrated a gradual and prolonged
dynamic. In contrast, neck metastasis had only a limited,
albeit significant, negative impact on survival, while neither
tumor size nor extra-parenchymal spread had a significant
effect (apart from showing a rather limited negative ten-
dency). We conclude that the location of the salivary tumor
and its potential to infiltrate nerves and blood vessels and to
metastasize are weightier parameters than its size and poten-
tial spread to the neck lymph nodes. Furthermore, tumor of
minor salivary glands, especially in the sino-nasal tract and
skull-base, typically fares worse than those of major salivary
glands. Two other potentially important prognostic predic-
tors should be examined in a future study: the proximity of
the margins of resected tumors and immune-histochemical
analysis for various markers (Schmitt et al. 2014; Ranjbar
et al. 2019). Perhaps the topic of therapy should undergo
rethinking, where mandatory treatment of NO neck would be
exchanged for systemic therapy aimed at distant metastatic
spread.
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