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Abstract Background: Pancreatic ductal adenocarcinoma is an aggressive disease with increasing incidence.
Thyroid hormones play different roles in development and physiological processes of the entire digestive
system, including pancreas. Therefore, many have hypothesized that thyroid hormone supplementation for
hypothyroidism disorders might increase the risk of malignancy. Patients and methods: We conducted retro-
spective observational mono-centre study. The aim was to examine the prevalence of thyroid disorders among
patients with pancreatic cancer. Moreover, we investigated the impact of thyroid hormone supplementa-
tion in pancreatic cancer patients’ outcome and the correlation with various clinicopathologic parameters.
Results: A total of 92 consecutive pancreatic cancer patients were retrospectively reviewed: 18.5% patients had
a history of hypothyroidism and all received a replacement hormone therapy with levothyroxine, in particular
20% in metastatic group and 11% in radically resected PDAC patients’ group. Nor in radically resected nei-
ther in metastatic group, we did not observe any statistically significant difference in outcome between the
group with or without thyroid disorders. On multivariate analyses, cox proportional hazards model analysis
showed that only the presence of perineural invasion was associated with a significantly higher hazard ratio
for overall survival in metastatic PDAC patients (HR=2.7; 95%CI=1.029-6.925; p=0.009). Conclusions: We
observed higher prevalence of thyroid disorders in PDAC patients. Further studies are warranted to explore
the impact of levothyroxine therapy on outcome in PDAC patients. (www.actabiomedica.it)
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one
of the solid tumor with the worst prognosis at all (1,2).
Despite ongoing research, PDAC remains one of the
most aggressive tumors to contrast with ﬁve—year sur-
vival rate less than 10%. Radical surgery is the only po-
tentially curative treatment, though, even in this group

of radically resected patients, the five-year survival rate
is only 20% (3,4)

Thyroid hormones play different roles in develop-
ment and physiological processes of the entire digestive
system (5). The thyroid hormones stimulate differ-
ent targets, such as TGF-p, hyperphosphorylation of
Rb, and MAP kinase pathways (6-8), and, have also

been shown to promote angiogenesis in cancer cells
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by upregulating HIF-1a (7). Due to the established
effect of thyroid hormone on growth and develop-
ment, many have hypothesized a correlation between
hypothyroidism and malignancy. Levothyroxine is a
first-line treatment for the hypothyroidism. Levo-
thyroxine therapy is provided to inactivate abnormal
thyroid tissue growth or function and to restore the
clinical and biochemical euthyroid state in the thyroid
gland (9,10). Some evidence exists for hypothyroidism
as a possible risk factor for respiratory, colon, breast,
liver cancer and also PDAC (11-13).

Based on these considerations, the aim of this
retrospective observational study was to examine the
prevalence of hypothyroidism and thyroid hormone
supplementation (THS) among patients with pan-
creatic cancer and to correlate THS with patients’
outcome and various clinicopathologic parameters.

Materials and methods
Patients and follow-up

A total of 92 consecutive PDAC patients treated
between 2015 and 2020 at University Hospital of
Parma were retrospectively reviewed using electronic
medical records. The presence of hypothyroidism and
the treatment with levothyroxine as hormone replace-
ment treatment has been recorded.

Only patients age 18 or more with cytologic or
histologic confirmed diagnosis of pancreatic cancer
were included. Patients with a diagnosis of concomi-
tant malignancy were excluded. We collected basal
clinical and pathological characteristics of our patients:
age, ECOG PS, date of surgical resection for pancre-
atic cancer, histology/cytology, TNM, presence of
lymphatic/vascular/perineural invasion, tumour grad-
ing, resection margins and tumour biomarkers (CEA
and CA19.9 at diagnosis) in patients who underwent
surgery or biopsy for PDAC. Moreover, date of relapse
after surgery, date of progression after chemotherapy
(adjuvant or palliative), type of chemotherapy, date
of last follow-up or date of death was collected. The
study protocol was approved by the ethics comittee
(344/2021/0OSS/AOUPR, 8 July 2021) which was
in accordance with the Declaration of Helsinki and
Good Clinical Practice.

Statistical analysis

The patients were divided into two groups:
PDAC patients with or without hypothyroidism and the
treatment with levothyroxine as hormone replacement
treatment. Clinicopathologic and long-term survival
data were collected and reviewed to explore the prog-
nostic implication of hypothyroidism. Overall survival
(OS) was calculated from the date of pancreatic cancer
diagnosis to the date of death or date of the last follow-
up. Relapse-free survival (RFS) was calculated from the
date of pancreatic surgery to the date of disease recur-
rence. Progression-free survival (PFS) was defined as
the time of therapy initiation to disease progression or
death. OS, RFS and PFS curves were constructed using
Kaplan-Meier method, and differences were analyzed
using log-rank (Mantel-Cox) test. A Cox proportional
hazards model analysis was performed to determine the
joint association of several clinical factors investigated
(hypothyroidism, CEA, CA 19-9, perineural invasion).
The p value was bilaterally tested, and values less than
0.05 were regarded as statistically significant.

Results
Population characteristics

Of 92 PDAC patients included in our study,
45 were male (49%) and 47 were female (51%). The me-
dian age at diagnosis was 72 years (range 33-89 years).
41 PDAC patients (44.5%) were metastatic at diagno-
sis. Out of 27 PDAC patients (29%) who underwent
surgery, 14 patients (51.8%) had a relapse of disease
after surgery. PDAC patients who had a history of hy-
pothyroidism in THS was 18.5% and they all received
a replacement hormone therapy with levothyroxine. We
noticed more THS-PDAC in metastatic group (20%)
then in radically resected PDAC patients’ group (11%).

Basic clinico- pathological characteristics of the
92 patients are detailed in Table 1.

Owerall survival in patients affected by metastatic
pancreatic cancer

Median OS was not significantly different be-
tween the two groups of metastatic PDAC patients



Acta Biomed 2022; Vol. 93, N. 6: €2022268

Table 1. Clinico-pathological characteristics of the patients.

Characteristics of 92 PDAC patients n (%)
Sex Male 45 (49%)
Female 47 (51%)
Age (years) 72 (33-89)
THS in all PDAC pts Yes 17 (18.5%)
- Female: 15 (88%)
- Male: 2 (12%)
No 75 (81.5%)
Pts who underwent radical surgery for PDAC Yes 27 (29%)
No 54 (71%)
THS in radically resected PDAC pts Yes 3 (11%)
No 24 (89%)
Relapse after surgery 14 (51.8%)
Relapse after surgery pts with euthyroidism 10 (71%)
pts with THS 4 (29%)
Presence of perineural invasion (in resected pts) Yes 19 (79%)
No 5 (11%)
Metastatic PDAC pts at diagnosis Yes 41 (44.5%)
No 51 (55.5%)
THS in metastatic PDAC pts Yes 8 (20%)
No 33 (80%)

with hypothyroidism treated with THS (8 PDAC
patients) and euthyroidism (33 PDAC patients), as
demonstrated in Fig. 1. Median OS for the whole
group was 11.8 months (95% CI 10.2 - 14.3 months).
PDAC-THS patients showed a shorter median OS of
10.6 months (95% CI 6.7 — 15.6 months) in compari-
son to euthyroidism PDAC patients with median OS
of 11.8 months (95% CI 10.2 — 14.7 months), though,
not statistically significant (p=0.721). The majority
of PDAC- THS patients were females (88%).

Progression-free survival and first-line chemotherapy for
metastatic PDAC

Out of 41 metastatic PDAC patients who un-
derwent the first-line chemotherapy, 33 (80%) did not
present any thyroid disorders. The resting 8 patients
(20%) were affected by hypothyroidism on THS, as
demonstrated in Fig. 2. Median PFS for the whole
group was 6 months (95% CI 4.6 — 7.7 months),

not statistically significant between the two groups
(p=0.817).

Owerall survival in patients in radically resected
pancreaz‘ic cancer

Median OS was not significantly different between
the two groups of radically resected PDAC patients
with hypothyroidism treated with THS (3 PDAC pa-
tients) and the group of patients without any thyroid
disorder (24 PDAC patients). Median OS for the whole
group was 16.2 months (95% CI 12.1 - 16.4 months).
Any statistically significant difference had been seen
between the two groups (p=0.839).

Relapse after surgery

Out of 27 PDAC patients who underwent radi-
cal surgery, 14 had disease recurrence (51.8%). From
14 PDAC patients with recurrence after radical
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Figure 1. Overall survival in patients affected by metastatic pancreatic cancer with or with-
out thyroid disorders. OS was not significantly different between the two groups of patients with

hypothyroidism and euthyroidism (p=0.721).

surgery, 4 (29%) were PDAC-TSH patients and 10
euthyroidism PDAC patients (71%). Median OS was
not significantly different between the two groups
of recurred PDAC (p=0.352), as demonstrated in
Figure 3.

Prognostic factors of overall survival

On multivariate analyses, cox proportional haz-
ards model analysis showed that only the presence of
perineural invasion was associated with a significantly
higher hazard ratio (HR) for OS in metastatic PDAC
patients (HR=2.7; 95%CI=1.029-6.925; p=0.009).

Discussion
In our study, we observed high prevalence of thy-

roid disorders among patients with pancreatic cancer.

In particular, 18.5% of our PDAC patients had a history

of hypothyroidism and all received a replacement hor-
mone therapy with levothyroxine. The prevalence was
higher in metastatic group of PDAC patients, around
20%. In our study, nor in radically resected neither in
metastatic group, we did not observe any influence of
thyroid disorders on patients’ outcome.

Generally, the prevalence of thyroid disorders
increases with age and it account up to 4.4% af-
ter 60 years of age, with higher prevalence in females
(14-16). Higher prevalence of PDAC patients with
thyroid disorders in females was confirmed also in our
study. Wu ez al. (9) conducted a large retrospective
control-case study of 601.733 patients and 2 406 932
controls. Patients on THS with levothyroxine showed
a 50% higher risk of cancer at any site compared to
non-users. In particular, significant increased risks were
observed for brain cancer, skin cancer, PDAC and fe-
male breast cancer (9). Though, the above-mentioned
study described associations and not causal relationships
between levothyroxine and cancer risks. In another
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Figure 2. Progression-free survival after first-line chemotherapy in metastatic PDAC, with or
without thyroid disorders. PFS was not significantly different between the two groups of patients

with hypothyroidism and euthyroidism (p=0.817).

study with 5.000 female patients, it was calculated that
the rate of breast cancer in patients taking thyroid sup-
plements for hypothyroidism was 12.1% versus 6.2% in
a control group (17). Cornelli ez al. (18) reported cor-
relation between levothyroxine and an increased risk of
lung cancer; however, long-term use of levothyroxine
was associated with a reduction in risk of colorectal can-
cer (11). The higher prevalence of thyroid disorders in
PDAC patients have been reported by Sarosiek ez a. (8)
comparable to our study (14.1%). Interestingly, Strzalka
et al. (19) measured the concentration of D-dimers and
thyroid hormones in blood samples from portal and pe-
ripheral vein intraoperatively. The peripheral F'T3 level
showed statistically significant negative correlation with
portal D-dimer concentration level and therefore, the
authors suggested that F'T'3 or its receptors can influ-
ence PDAC progression (19).

Some studies even suggest that a diagnosis of hy-
pothyroidism may result in poor response to therapy in
cancer patients (8,20). In our study, we did not observe

any statistically significant difference in PDAC pa-
tients’ outcome with or without thyroid disorders, in
the terms of OS, PFS and RFS. Sarosiek ez a/ (8)
found that hypothyroid patients taking exogenous thy-
roid hormone were more than three times likely to have
perineural invasion, and about twice as likely to have
higher T stage, nodal spread, and overall poorer prog-
nostic stage. In accordance with our study, and despite
these poor prognostic factors, there was no significant
difference in OS between patients taking thyroid hor-
mone supplementation compared to patients who were
not on medication. Interestingly, the authors evaborate
an original hypothesis that spontaneous hypothyroid-
ism might develop in cancer patients as a protection
mechanism against tumor spread, but thyroid hormone
supplementation might contrast this action (8). This
might be supported by some small clinical studies that
observed that lowering of serum-free T4 may be as-
sociated with extended survival in patients with some
terminal cancers, though, remain only hypothesis (21).
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Figure 3. Overall survival in patients with radically resected PDAC with recurrence with or with-
out thyroid disorders. OS was not significantly different between the two groups of PDAC patients
with recurrence with hypothyroidism and euthyroidism (p=0.352).

In our study, due to small number, we were not
able to establish the correlation between perineural
invasion and hypothyroidism. Perineural invasion
plays a role as important factor involved in progres-
sion and invasion in PDAC (22). Crippa ez al. showed
that perineural invasion is associated with worse
DFS in patients who underwent surgical resection
for PDAC (23). Moreover, another limitation of our
study was little information available regarding the
diagnosis of hypothyroidism, in particular duration of
hypothyroidism and thyroid hormone supplementa-
tion, TSH measurement was not used at the diagnosis

of PDAC).
Conclusion
In conclusion, we observed high prevalence of

hypothyroidism on levothyroxine supplementation
therapy among PDAC patients. Further studies with

a larger study population is necessary to confirm the
impact of thyroid disorders on pancreatic cancer.
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