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“Medicine is a science of uncertainty and an art of probability.”

William Osler
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Chapter 8

The natural course of head and neck paragangliomas

The primary aim of this thesis was to gain more insight in the natural course of SDHD-
related head and neck paragangliomas and ultimately improve counseling, surveillance,
and treatment strategies. The risk of occult and metachronous paragangliomas (chapter
2 and 6), tumor growth (chapter 3, 4 and 5), clinical progression (chapter 4 and 6), and
survival of SDHD germline mutation carriers (chapter 7) were addressed. In this final
chapter the acquired knowledge is further discussed.

Penetrance

The age-related penetrance has been estimated by several authors (≈ 85-100% at age 70)
[1–4].However, due to the inclusionof primarily symptomatic patients, these studies are
methodologically flawed. Not surprisingly, the estimated penetrance in a largemultigen-
erational family that harbors the c.274G>T, p.Asp92Tyr missense mutation, was lower
compared to the thus far reported numbers. Although, bias due to over-representation
of symptomatic patients was reduced in this analysis, the question remains if the results
can be extrapolated to other SDHD variants [1].

In this thesis the prevalence of occult paragangliomas in asymptomatic SDHD germline
mutation carriers was studied (chapter 1). A head and neck paraganglioma was detected
in nearly 60% of subjects. If subsequently, the chance that unaffected carriers eventually
develop head and neck paragangliomas is considered (chapter 6, an adapted version of
figure 6.0.2c is printed on the facing page), this number increases to approximately 95%
after 20 years of follow-up (median age: 55 years, range 36-90). It should be noted that
chapter 6 was not set out to create a prediction model and the predictive value was
not validated. In addition, in families with more affected members or severe disease,
asymptomatic family members may be more inclined to pursue genetic testing.

Although the most accurately estimated penetrance will be obtained by including mul-
tiple families and applying a maximum likelihood approach [5]. It is, considering the
hitherto published data and evidence provided in this thesis, safe to say that carriers of
a paternally derived germline mutation in SDHD face a very high risk of developing
head and neck paragangliomas. As already evident from previous studies and further
reinforced by results reported in this thesis (chapter 6), most SDHD germline mutation
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carriers will even developmultiple (synchronous ormetachronous) head and neck para-
gangliomas [3, 6].

Figure 8.0.1:The cumulative proportion of subjects that developed at least one head and neck
paraganglioma. In contrast to figure 6.0.2c, the results are represented for asymptomatic SDHD
germline mutation carriers with no evidence of disease at baseline.

Growth of head and neck paragangliomas

Growth of head and neck paragangliomas has been previously addressed in several case
series (12-48 paragangliomas), all demonstrating that progression is slow and many
tumors (40-65%) remain stable for years [7–10]. Advances in imaging techniques, the
use of measurement and tumor specific cut-off values for growth (chapter 3), and the
inclusion of no less than 118 carotid and 66 vagal body paragangliomas enabledmore ac-
curate estimation of tumor growth (chapter 4).Theuse of time to event analysis (Kaplan-
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Meier product limit estimator and multivariate Cox proportional hazards regression)
provided the opportunity to factor in varying follow-up time and study predictors for
tumor growth. Although the generally slow growth rate of head and neck paragangliomas
(10.4% and 12.0% annually for carotid and vagal body tumors, respectively) was con-
firmed, growth will, with long follow-up, be observed inmost cases (85% after 11 years).
In accordance with a model of retarded growth, age and tumor volume were (indepen-
dent) negative predictors for growth rate. This observation was further reinforced in
chapter 5, decelerating tumor growth laws (Gompertz, logistic, Spratt and Bertalanffy
equations) described growth of head and neck paragangliomas more accurately com-
pared to a linear, exponential, or Mendelsohn model.

Clinical progression

Even though growth is generally slow and tumors may remain asymptomatic through-
out life, the vast majority of SDHD germline mutation carriers will (eventually) de-
velop clinical manifestations (figure 8.0.2). Accordingly, nearly 50% of patients man-
aged with primary observation reported new symptoms during amedian follow-up time
of 8 years, of whom 26% was previously asymptomatic (chapter 6). Moreover, one-
fourth was attributable to metachronous tumors. Consistent with decelerating growth,
patients reported new symptoms less often with increasing age. Fortunately symptoms
were generally mild (figure 8.0.3), and new cranial nerve deficits were reported in only
11% of patients. The relatively high fraction of patients experiencing new symptoms
during follow-up, compared to results reported in chapter 4 (new signs or symptomswere
reported in approximately 25% of HNPGL), is readily explained by the fact that most
SDHD germline mutation carriers are affected with multiple HNPGL.

Not surprisingly, symptomatic tumors were, with a median volume of 15.2 cm³ (IQR:
6.4-24.3), considerably larger compared to asymptomatic tumors (median volume: 1.9
cm³, IQR: 0.7-4.9). Moreover, with increasing volume, new symptoms developed more
often.

Malignancy & mortality

The prevalence of malignant disease is low (3%), and even if metastases occur, disease
may remain stable for years [11, 12]. In a review including 59 subjects with malignant
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Figure 8.0.2:The fraction of symptomatic SDHD germline mutation carriers was estimated by
meansof survival analysis (Kaplan-Meier product limit estimator).Onehundred forty-five (65%)
subjects presented with symptoms, and an additional 24 (11%) subjects became symptomatic
during follow-up (chapter 6). The age at onset of symptoms was known in 79%. In the remaining
cases, symptoms were assumed to be present for 2 years prior to diagnosis (the effect of changing
this assumption is limited, data not shown). Asymptomatic SDHD germline mutation carriers
were censored at the age of their last PGL-related visit to the LUMC. If the relative under-
representation of unaffected carriers is taken into account, by adding fictitious unaffected SDHD-
germline mutation carriers (so that the penetrance is≈90% at age 70), the estimated fraction of
symptomatic subjects changes to approximately 80% at age 70.

paraganglioma, the 5 year survival rate was approximately 12% if distant metastases were
present and nearly 80% if metastatic spread was restricted to regional lymph nodes.
Unfortunately, the genetic status of patients was not reported. However, considering
only 2 of the 10 patients diagnosed with malignant disease in our own series died of
metastatic disease (chapter 7), the prognosis of SDHD-relatedmalignant paragangliomas
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is probably more favorable. Moreover, mortality in SDHD germline mutation carriers is
not increased compared to the general population (chapter 7).

Management of SDHD germline mutation carriers

Seeing that survival of SDHD mutation carriers is not (substantially) reduced and the
risk ofmetastatic transformation low,management of SDHDgermlinemutation carriers
should be focused on the preservation of quality of life, rather than curative treatment.
But how do we achieve this?

From previous research we know that the quality of life of SDHD germline mutation
carriers is decreased compared to an age adjusted reference population, if patients expe-
rience paraganglioma-related symptoms. However, this is not true for SDHD germline
mutation carrierswithout clinicalmanifestations (i.e., unaffectedor asymptomatic) [13].
Should we thus treat all paragangliomas shortly after diagnosis? Not to achieve com-
plete removal, but to prevent clinical progression? Surgery is generally recommended for
pheochromocytomas, extra-adrenal sympathetic paragangliomas, and tympanic (Fish
type A & B) paragangliomas (chapter 1). However, if tumors arise at other locations
(or are no longer confined to the tympanomastoid compartment) surgery does not
necessarily improve the natural course.

The incidence of postoperative cranial nerve dysfunction and other serious complica-
tions have already been discussed in chapter 1 and are printed alongside results obtained
in chapter 6 on the next page. As already mentioned on multiple occasions throughout
this thesis, the risk of iatrogenic damage to cranial nerves is considerable and exceeds the
prevalence of cranial nerve dysfunction attributable to tumor progression (chapter 6).
Due to slow progression and simultaneous compensation, neurological deficits resulting
from tumor growth may go unnoticed. In younger patients sufficient compensation
usually also occurs following surgery, although the rehabilitation period is prolonged if
multiple cranial nerves are affected and interventions such as vocal cord medialization
may be required. However, in elderly patients compensation is generally slow and often
incomplete [9, 14, 15].
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Should we, considering these risks, refrain from treatment in all cases? And if we do so, is
there any addedvalueof (presymptomatic) genetic testingor surveillance?Althoughone
could argue that genetic testing is still useful in terms of exclusion of disease in genuinely
healthy subjects, the added value of surveillance is limited if not (in selected cases)
followed by intervention. Should surveillance thus be limited to pheochromocytomas
and extra-adrenal sympathetic paragangliomas, considering these tumors are generally
treated even in the absence of symptoms? Even though growth data can be utilized to
improve mathematical modeling (chapter 5), ultimately surveillance is only valuable if
mathematical modeling is applied to select cases that benefit form early intervention.

In addition to surgery, radiotherapy is increasingly used as primary treatment modality.
Although the risk of cranial nerve dysfunction andmajor complications following irradi-
ation, is significantly less compared to surgery, serious complications may occur in addi-
tion to more frequent side effects such as mucositis and fatigue (chapter 1) [16, 26, 27].
The efficacy of radiotherapy should be viewed in light of the generally favorable natural
course of paragangliomas, unfortunately comparative studies between radiotherapy and
primary observation are lacking. However, if the local control rates reported in literature
(absence of tumor progression in approximately 80 - 100% during a mean follow-up
time of at least 8 years) are compared with the estimated fraction of growing tumors (≈
80% after 8 years of follow-up, chapter 4), it is evident that irradiation effectively induces
growth arrest or at least significant growth retardation. Nonetheless, it would be valuable
to estimate this effect more accurately by applying radiotherapy after an initial period of
primary observation.

Evidence in favor of radiotherapy over surgery is increasing, although surgery may be
preferred in case of small carotid body tumors. However, it remains uncertain if the
harmsof treatment outweigh the advantages.Therefore, a “wait and scan” strategy is often
applied, enabling the selection of tumors that will most likely benefit from intervention,
while preventing overtreatment. Currently intervals of 1-2 years are maintained, 5 years
if there is no evidence of disease. Justification for the latter was provided in chapter 6.
The median time before the detection of new head and neck paragangliomas was 14.6
years. Even if the negative correlation between number of head and neck paragangliomas
present at baseline and risk of developing new tumors is taken into consideration, an
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interval of 5 years is sufficient. Particularly, in view of the generally slow growth rate of
paragangliomas.

The prediction model created in chapter 4, facilitates a more personalized approach to
“watchful waiting”. By factoring in, age, tumor location, and volume, the likelihood of
observing growth beyond the measurement error (chapter 3) can be estimated. Hence,
the number of unnecessary scans and the chance that growth is overlooked as a result of
too small scanning intervals will be reduced.

The proposed model provides the opportunity to predict the occurrence of growth in
the near future with fairly good accuracy. Ideally, we would however be able to foresee
long-term prospective growth and clinical behavior, and thereby select cases that will
benefit from treatment with certainty. In addition, such knowledge would enable further
elongation of surveillance intervals. If the evolution of tumor volume over time is ac-
curately described by mathematical models, both the age at onset and long-term tumor
growth can be calculated. In chapter 5 several decelerating tumor growth laws were fitted
to observed growth data, yielding excellent results (median R² 0.996 - 1.00). Although
observed growth was captured by the mathematical models almost perfectly, validation
of the predictive value is required. Naturally, it is not feasible to verify the accuracy of
the calculated age at onset. However, if future growth can be predicted with sufficient
precision, estimated age at onset can be utilized to optimize screening. Considering
the theoretical justification as well as the generally realistic predicted age at onset and
predicted volume at age 90, theBertalanffymodelwill probably be best suited to estimate
past and predict future growth of head and neck paragangliomas.

In conclusion, important steps toward unraveling the natural course of SDHD-related
head and neck paragangliomas and predicting future progression were made. The ac-
quired knowledge, enables direct optimization of counseling and surveillance and may
furthermore support the decision to continue a conservative approach or in contrast, opt
for intervention.

Future perspectives

As already alluded to in theprevious section, thepredictive valueofmathematicalmodels
(especially the Bertalanffy equation) needs to be validated. However, it is not merely
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future growth but clinical behavior that will truly support a well-founded treatment
decision. It is therefore essential to relate the evolutionof clinicalmanifestations to tumor
progression.Considering the estimated volumeof symptomatic versus asymptomatic tu-
mors, the transition pointwill probably be reached if tumors become approximately 5-15
cm³ in size (chapter 4). For further investigation, a prospective study design is best suited,
preferably including patients with a single tumor, or at least without multiple ipsilateral
tumors as it complicates correct attribution of symptoms. Seeing that SDHD germline
mutation carriers are often affected with multiple head and neck paragangliomas, the
inclusion of sporadic cases or subjects with a mutation in other susceptibility genes is
required. Thereby, a final point of interest is stipulated: can the results reported in this
thesis, be generalized to all paragangliomapatients or evenbeyond the twodutch founder
mutations in SDHD? Naturally, the risk of developing paragangliomas and survival are
at least specific to germline mutation in SDHD. It is however likely that the observed
growth rates and created prediction model are applicable to head and neck paragan-
gliomas beyond the investigated population, although external validation is required.
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