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Abstract

Background Treatment of patients with liver metastasis of differentiated thyroid carcinoma (DTC) has not been
sufficiently defined, because liver metastasis of DTC has been described mostly as case reports. Additionally, such
patients are considered end-of-treatment responders. A relatively new approach using tyrosine kinase inhibitors
(TKIs) may provide opportunities to manage systemic metastasis. This study aims to define the clinical features of
DTC patients with liver metastasis and evaluate the benefits of TKIs.

Methods We retrospectively analyzed clinical features of 29 patients (mean age 67.8 years) diagnosed with liver
metastasis of DTC at our institution between January 1981 and May 2017.

Results All patients had distant metastasis at other organ sites upon diagnosis of liver metastasis; 41% of them
developed new metastasis afterward. Management after diagnosis of liver metastasis comprised palliative care (48%),
radioactive iodine therapy (28%), and TKI therapy (24%). The median survival after diagnosis of liver metastasis was
only 4.8 months. Survival rates were significantly better in patients with performance statuses between 0 and 2 on the
Eastern Cooperative Oncology Group scale at diagnosis of liver metastasis (n = 22, 76%) treated with TKI compared
to those who were not (P = 0.017; log-rank test; hazard ratio 0.19). One-year survival rates were 71.4 and 26.7% for
patients treated with or without TKI, respectively.

Conclusions Patients with liver metastasis had poor clinical prognosis. When other distant metastases existed at
diagnosis of liver metastasis, TKI therapy was considered an effective therapeutic option for patients with liver

metastasis of DTC.

Introduction

Differentiated thyroid carcinomas (DTCs), including pap-
illary thyroid carcinoma (PTC) and follicular thyroid car-
cinoma (FTC), are slow-growing tumors with ten-year
relative survival rates of 80-93% [1-3]. Distant metastasis

< Kiminori Sugino
k-sugino@ito-hospital.jp

Department of Surgery, Ito Hospital, 4-3-6 Jingumae,
Shibuya-ku, Tokyo 150-8308, Japan

Department of Surgery, School of Medicine, Keio University,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan

@ Springer

develops in 4-15% [4-9] of patients with DTC, usually in
the lungs and bones. Other sites of distant metastasis, such
as the liver and brain, are rare [10, 11]. The appearance of
liver metastasis in DTC is considered end-stage, and the
prognosis is poor [11, 12].

A standard treatment for liver metastasis of DTC has not
yet been established and the clinical status of these patients
is not well defined, because liver metastasis in DTC has
been described mostly in case reports. Therefore, diagnosis
may be delayed and opportunities for patient management
may be lost. However, a relatively new treatment approach
using tyrosine kinase inhibitor (TKI) therapy may provide
opportunities to treat patients with systemic metastasis
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refractory to radioactive iodine (RAI) therapy. Therefore, a
comprehensive understanding of the clinical status of
patients with liver metastasis is important for their man-
agement. The present paper aimed to define the clinical
status of patients with liver metastasis from DTC and
determine the benefits of treatment including TKI.

Materials and methods

The Ethics Committee of Ito Hospital approved this ret-
rospective review of the medical records of 54 patients
with thyroid cancer who were diagnosed with liver
metastasis between January 1981 and May 2017 (Approval
No. 169). The histological types of the primary thyroid
cancer comprised PTC (n =22, 41%), medullary thyroid
carcinoma (n = 10, 19%), anaplastic thyroid carcinoma
n=9, 17%), FTC (n=9, 17%), poorly differentiated
thyroid carcinoma (n = 3, 6%), and squamous cell thyroid
carcinoma (n = 1, 2%). Distant metastases were diagnosed
by biopsy, CT imaging, ultrasonography, or at autopsy.
Among the 31 patients with primary DTC tumors, patients
were excluded if liver metastases were diagnosed at
autopsy (n = 2). The final study population comprised 29
patients. The follow-up rate was 96.6% (28/29). When we
compared patients received TKI with patients without TKI,
we excluded patients with poor performance status (PS) of
3 or 4 on the Eastern Cooperative Oncology Group
(ECOG) scale because the sicker patients are not offered
TKIs.

Data were statistically analyzed using STATA software
13.0 (Stata Corporation, College Station, TX, USA).
Overall survival rates were estimated using the Kaplan—
Meier method and compared using stratified log-rank tests.

Results
Patient characteristics

Table 1 shows the baseline characteristics of the patients at
the time they were diagnosed with liver metastasis. Among
the 29 patients (male n =5; female n = 24; mean age
67.8 years; range 45-85 years), 20 and nine had PTC and
FTC, respectively. The majority (n = 18, 62%) of patients
had a PS of 0 or 1 on the ECOG scale, and four (14%) had
a PS of 2. But seven patients (24%) had poor PS (3 or 4 on
the ECOG scale). The median amount of time that elapsed
from the initial therapy to being diagnosed with liver
metastasis was 7.0 years. Almost all patients (n = 27, 93%)
underwent thyroidectomy and 16 patients (55%) were
treated with RAIL. None of the patients had received TKI
therapy before being diagnosed with liver metastasis.

Table 1 Baseline characteristics of patients at diagnosis of liver
metastasis

Characteristic
Mean age (y) = SD 67.8 £ 10.8
Sex

Male 5717)

Female 24 (83)
BMI (kg/m?) + SD 214 £2.7
ECOG PS

0 and 1 18 (62)

2 4 (14)

3 and 4 7 (24)
Histologic type

PTC 20 (69)

FTC 9 (31
T classification at the initial therapy for DTC

T1-3 18 (62)

T4 11 (38)
N classification at the initial therapy for DTC

NO 9 (31)

N1 20 (69)
M classification at the initial therapy for DTC

MO 22 (76)

M1 7 (24)
Time (y) from the initial therapy to liver metastasis

Synchronous liver metastases® 2(7)
<5 11 (38)

5-10 8 (28)
> 10 8 (28)
Treatment before liver metastasis

Surgery of primary lesion 27 (93)

RAI 16 (55)

TKI 0 (0)

Data are presented as n (%) or mean £+ SD

BMI body mass index, ECOG Eastern Cooperative Oncology Group,
FTC follicular thyroid carcinoma, PS performance status, PTC pap-
illary thyroid carcinoma, RAI radioactive iodine, TKI tyrosine kinase
inhibitor

“Liver metastasis identified when primary tumor was diagnosed

Recurrence sites at diagnosis of liver metastasis

Table 2 shows the sites of distant metastases at the time
liver metastasis was diagnosed. All patients had other
distant metastases at the time they were diagnosed with
liver metastasis. The most frequent sites were the lungs
(86%) followed by bone (59%). Less frequent sites com-
prised the pleura (14%), skin (7%), and adrenal glands
(3%). The brain was not a site of metastasis in any patient
at the time of diagnosis with liver metastasis. Lymph node
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Table 2 Other sites of recurrence at the time of and after diagnosis of
liver metastasis

n (%)
At diagnosis
Distant metastasis at sites other than liver 29 (100)
Lung 25 (86)
Bone 17 (59)
Pleura 4 (14)
Skin 2 (7)
Adrenal gland 1(3)
Local recurrence 5(17)
Lymph node recurrence 20 (69)
After diagnosis
Distant metastasis at new sites 12 (41)
Bone 5@7)
Lung 2(7)
Pleura 2(7)
Brain 2(7)
Kidney 2(7)
Skin 1 (3)
Muscle 13
Soft tissue within the orbit 103)
Local recurrence 0 (0)
Lymph node recurrence 1)

recurrence developed after primary surgery in 69% of
patients, and local recurrence was identified in 17% of
patients when liver metastasis was diagnosed.

Recurrence sites after diagnosis of liver metastasis

After being diagnosed with liver metastasis, only one
patient had lymph node recurrence while none had local
recurrence (Table 2). Distant metastasis occurred in 41%
of patients at new organ sites, including bone (17%), pleura
(7%), lung (7%), brain (7%), kidney (7%), skin (3%),
muscle (3%), and soft tissue within the orbit (3%).

Additional therapy after diagnosis of liver
metastasis

Slightly less than half of the patients (n = 14, 48%) did not
undergo additional therapy and were given palliative care
after liver metastasis was diagnosed because of poor PS
and/or existing I'*'-refractory metastasis. Fourteen patients
received additional therapy and the treatment modalities
and outcomes for one patient remain unknown because
they were lost to follow-up due to changing hospitals.
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Table 3 Summary of RAI therapy and TKI therapy after diagnosis of
liver metastasis

n (%)
Summary of RAI therapy
Uptake of RAI in liver metastases n=3_
Avid 5 (63)
Non-avid 3 (38)
Response evaluation criteria® of RAI in T'*'-positive liver n =5
metastasis
CR 0 (0)
PR 0 (0)
SD 2 (40)
PD 3 (60)
Summary of TKI therapy
Length of treatment n="17
Over 1 year 4 (57)
Under 1 year 3(43)
Response evaluation criteria® in patients treated n=4
for > 1 year with TKI
CR 0 ()
PR 2 (50)
SD 2 (50)
PD 0 (0)

CR complete response, PD progressive disease, PR partial response,
RAI radioactive iodine, SD stable disease, TKI tyrosine kinase
inhibitor

Target lesion defined as any viable liver metastasis on CT images,
and response evaluation of liver metastasis was based on response
evaluation criteria in solid tumor (RECIST)

Among eight (28%) patients who were treated with RAI
therapy for metastasis in the liver and other sites, one was
subsequently switched to TKI therapy (Table 3). Five
patients with iodine-avid liver metastases underwent
treatment with I'*'. Disease progression occurred in three
patients and stable disease was documented in two patients.

Seven (24%) patients were treated with TKIs due to
iodine-refractory DTC (n = 6) or unresectable primary
DTC (n = 1) after being diagnosed with liver metastasis. In
our series, all of them received lenvatinib only. Lenvatinib
was discontinued due to common terminology criteria for
adverse events (CTCAE) Grade 3/4 anorexia, a well-
known adverse event of lenvatinib, in two (29%). This has
occurred within one month of treatment initiation in both of
them. Therapy with lenvatinib was able to maintain in five
patients (71%); four patients continued lenvatinib for more
than 1 year, and one patient started lenvatinib within
1 year. The size of liver metastases was reduced in half of
the patients treated for over 1 year with lenvatinib
(Table 3; Fig. 1), whereas the size in the remainder of the
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Fig. 1 a Liver metastasis is absent at the time of starting RIA
therapy. b Several liver metastases have appeared during RIA
therapy. ¢ Liver metastases have decreased and are replaced with

patients remained stable with necrotic changes and a
reduction in CT contrast enhancement.

Survival outcomes after diagnosis of liver metastasis

Figure 2a shows Kaplan—Meier survival estimates for all
patients. The median survival after being diagnosed with
liver metastasis of DTC was poor at 4.8 months, and the
survival rate was 48.3 and 31.0% at six and 12 months,
respectively. The cause of death was all related to thyroid
cancer. None of patients died by comorbidities.

Figure 2b shows Kaplan—Meier survival curves for the
patients with PS 0-2 at the time of being diagnosed with
liver metastasis (n = 22), who might have benefitted from
TKI therapy had it been approved for thyroid carcinoma at
the time. The survival rate was significantly better for

necrosis after induction of lenvatinib. d Liver metastases remain
stable without signs of progression two years after starting lenvatinib.
RAI radioactive iodine

patients who received lenvatinib (n = 7) compared to those
who did not (n = 15) (P = 0.017; log-rank test; hazard ratio
[HR] for death, 0.19; 95% confidence interval [CI],
0.042-0.86). The one-year survival rates were 71.4 and
26.7% among patients with and without lenvatinib,
respectively.

Discussion

Most previous studies have found a low clinical incidence
of liver metastasis of DTC and higher incidence at autopsy.
The reported rates of liver metastasis and distant metastasis
of DTC are 0.43-0.97% [13-15] and 2.4-14.7% [13-16],
respectively, with the rate of distant liver metastasis at
autopsy being 4.5-25.0% [17-19].
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Fig. 2 a Overall survival curves for all patients after diagnosis of
liver metastasis. b Overall survival curves for patients with PS 0-2
on ECOG scale. The group that was not treated with TKI includes
patients receiving palliative care or RAI, and one patient whose
additional therapy remains unknown. The survival rate was
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significantly better for patients who received TKI therapy compared
to those who did not (P = 0.017; log-rank test). ECOG Eastern
Cooperative Oncology Group, PS performance status, RA/ radioac-
tive iodine, TKI tyrosine kinase inhibitor
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Surgical resection may offer the best chance for pro-
longed survival if liver metastasis is solitary [20-23]. In a
previous report, one patient was treated with radiofre-
quency ablation (RFA) of liver metastasis from FTC
without signs of other metastasis, and CT imaging sug-
gested partial necrosis of the metastasis [24]. Although
RFA might have achieved local control [12], the patient did
not survive over the long term. However, DTC liver
metastases are usually found concurrently with other dis-
tant sites [15, 23, 25] as in our series. Systemic therapies
such as RAI and TKI are required to control metastases at
multiple sites.

RAI is one approach to treating distant metastasis. Song
et al. [11] suggested in their review that I'*'-positive liver
metastasis is extremely rare. In fact, most I'*!-positive liver
metastases have been described in case reports [23, 26-28].
Shah et al., who described one of the largest patient cohorts
with liver metastasis of DTC (n = 11), found that three
(37.5%) of eight patients treated with RAI had I'*'-nega-
tive liver metastasis [15]. To our knowledge, this is the
only report on rates of patients with radioiodine uptake in
liver metastasis. The I'*'-negative rate was identical in the
present study. Both Song’s report and the present study
showed that over 50% of patients with liver metastasis had
the option of repeated RAI therapy, although RAI was non-
cytoreductive against I'*'-positive liver metastasis in our
series. As such, RAI should be an option for patients with
liver metastasis after considering the balance between
metastatic progression in the liver and other recurrent sites.

Treatment with TKIs such as lenvatinib and sorafenib
represents another therapeutic choice for distant metastasis
[29, 30], but few reports have described the therapeutic
processes or effects of TKI on liver metastasis from DTC.
Farina et al. [25] described one patient with liver, lung,
bone, and lymph node metastases that were treated with
sorafenib. The patient died six months after beginning
sorafenib. Brient et al. [31] reported comparison of eight
patients received TKIs and six patients without TKIs after
diagnosis of liver metastasis from DTC. In their study,
patients with TKIs had a significantly longer median sur-
vival than patients without TKIs (23.6 months and
3.9 months, respectively). However, their study had some
limitations. TKIs which eight patients received, including
vandetanib, sunitinib, pazopanib, and sorafenib, were not
standardized. And control group (patients without TKIs)
included the patient in an altered general condition who
could not be offered TKIs. Even though these limitations
were present, their study was valuable for presenting the
possibility of TKI application in patients with liver
metastasis from DTC. In the present study, patients with
liver metastasis were treated with a single type of TKI,
namely lenvatinib; we considered that lenvatinib may have
induced shrinkage of active metastatic tumors. What is
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more, we excluded patients with poor PS from the control
group (patients without TKI) because the sicker patients
are not offered TKIs. Together, our results indicate more
precisely that patients with liver metastasis from DTC lived
longer when treated with lenvatinib.

Limitations of this study included that the period sur-
veyed was over the last few decades to collect enough
cases, because liver metastasis is rare in patients with DTC.
Treatment strategies for systemic metastasis of DTC have
not undergone major changes in the last few decades before
the appearance of TKIs. The use of RAI in our hospital
remained approximately unchanged during the target per-
iod (1981-2017) of this study. Differences in the timing of
treatment and in sites of coexisting metastases also limited
meaningful statistical comparisons in this study.

Conclusions

Liver metastases in patients with DTC are associated with
widespread disease and historically poor prognosis.
Although the sample was small and many patients were not
able to tolerate long-term therapy, this study demonstrated
high rates of response to lenvatinib with associated sig-
nificant survival advantage in this group of patients. Len-
vatinib allows opportunities for further treatment, even
though patients with liver metastasis from DTC were pre-
viously considered end-of-treatment responders. The pres-
ence of liver metastasis may indicate that lenvatinib is an
appropriate intervention. Because TKIs for DTC have a
short history, future prospective trials are needed to vali-
date our findings.
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