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Analysis of disease progression and prognosis
in differentiated thyroid cancer with pulmonary
metastases: a retrospective study
Hiroyuki Iwasaki, MD*, Soji Toda, MD, Daisuke Murayama, MD, Ai Matsui, MD

Introduction: Pulmonary metastasis originating from differentiated thyroid cancer is rare. Pulmonary metastasis generally
progresses slowly and results in a relatively long prognosis when treated with radioactive iodine therapy and thyroid-stimulating
hormone suppression therapy. However, some cases still result in death. Since 2015, lenvatinib administration for pulmonary
metastases with disease progression has yielded satisfactory results.
Materials and methods: Among the 798 patients with differentiated thyroid cancer treated at Kanagawa Cancer Center, Japan,
between April 2015 and March 2020, 194 had distant metastasis. Of these 194 patients, 118 diagnosed with pulmonary metastasis
had lesions that inﬂuence the prognosis. We retrospectively investigated the transition of the maximum diameter of pulmonary
metastases, serum thyroglobulin, follow-up, and survival time.
Results: We included 83 follow-up cases and 35 patients treated with lenvatinib. Considering that the disease progressed, 35
patients were treated with lenvatinib, and 4 died from cancer-speciﬁc disease. Treatment results were evaluated as progressive
disease, stable disease, and partial response in 2, 11, and 22 patients, respectively.
Conclusions: Among pulmonary metastases, no death occurred because of relatively slow disease progression up to a maximum
diameter of 10 mm. However, when the size exceeded 15 mm, radioactive iodine treatment and thyroid-stimulating hormone
suppression therapy did not work, and disease progression accelerated. As long as the lenvatinib treatment could be continued, the
disease could be controlled satisfactorily. The patients who discontinued lenvatinib died from disease progression.
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Disease progression can be accurately diagnosed using the computed tomographic (CT) images of pulmonary metastases. Before
tyrosine kinase inhibitor (TKI) treatment for distant metastases,
the 5-year survival rate was ~50%[6]. We hypothesized that lenvatinib can prevent the progression of pulmonary metastases,
thereby prolonging death from disease progression or anaplastic
transformation. In this study, we aimed to thoroughly examine
the outcomes of patients with pulmonary metastases treated with
lenvatinib.

The prognosis for differentiated thyroid cancer (DTC) is relatively good, and a papillary microcarcinoma smaller than 1 cm
seldom requires surgical treatment[1,2]. The prevalence rate of
distant metastases from DTC is 2.2%–3.1%[3,4]. We treated 798
patients with DTC for 5 years from April 2015 to March 2019 at
Kanagawa Cancer Center, Japan, and 194 of them (24.3%) had
distant metastases. Considering institutional bias, many referrals
for advanced thyroid cancer and/or distant metastases from DTC
were recorded. In fact, 42 of 194 DTC patients with distant
metastases died during this 5-year period. Among distant
metastases, pulmonary metastases are the most common[5].

Materials and methods
The Chemotherapy Committee of Kanagawa Cancer Center
approved the lenvatinib treatment regimens administered to
patients with DTC in this study. The Cancer Board of the hospital
also approved these TKI treatments, including surgery, for
patients with DTC who were included. The study was approved
by the Institutional Review Board of Kanagawa Cancer Center
(IRB approval number: 27-61). This study is retrospective in
design. Among the 194 DTC patients with distant metastases,
155 had pulmonary metastases, 46 had bone metastases, 61 had
lymph node recurrence, and 45 had local recurrence.
Furthermore, 118 of these 194 patients were included in this
study in which we assessed that their pulmonary metastasis
inﬂuenced their prognosis. We found that 71 patients with DTC
had only pulmonary metastases. When lesions were found in
multiple organs, the target lesion was decided based on the
RECIST guideline[7] when the tumor burden of pulmonary
metastases was large. There were 47 cases with more tumor
burden of other lesions; these cases were excluded from the study.
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Kaplan-Meier method using the SPSS software (version 24; IBM
Corp., Armonk, NY). The Kaplan-Meier estimator in the SPSS
software was used to calculate OS and apply the log-rank test.
Values with P < 0.05 were considered statistically signiﬁcant. The
OS of the LM and LV groups was validated using the logrank test.

Of the 118 cases, 83 were under observation, 51 with maximum
diameter of metastases of <10 mm were in the small metastasis
(SM) group, 32 with maximum diameter of metastases of ≥ 10
mm were in the large metastasis (LM) group, and disease progression was noted. Further, 35 cases using lenvatinib were
designated as the lenvatinib treatment (LV) group. Table 1
summarizes patient characteristics. The treatment strategy for
distant metastases included total thyroidectomy, maximum of
6 times of radioactive iodine (RAI) therapy as far as effective,
concurrent thyroid-stimulating hormone (TSH) suppression
therapy, and examination of the presence or absence of disease
progression using the serum thyroglobulin level and antibodies
and CT image. A total of 35 patients who received RAI treatment
but became refractory with disease progression consented to
receive lenvatinib treatment. All patients provided informed
consent for using their samples for medical investigation and
clinical research. This study was approved by the Institutional
Review Board of Kanagawa Cancer Center (IRB approval number: 27-61).

Results
As shown in Table 1, the median tumor size in the LV group (17
mm) was signiﬁcantly larger than that in the SM group (6 mm)
and in the LM group (13 mm), indicating disease progression.
The serum thyroglobulin level was also signiﬁcantly high, and
other metastatic lesions were also more common in 22 patients
(62.9%) in the LV group. The follow-up period after pulmonary
metastasis in the LV group was also the longest. Meanwhile,
among the 32 patients in the LM group, 11 (34.4%) had metastatic lesions with a maximum diameter of ≥ 15 mm; their disease
progression was apparent, and 5 of them died. Besides, 21
patients (65.6%) had metastatic lesions measuring 10–14 mm in
which the disease progression is still under observation. The 51
patients in the SM group, the metastatic lesions measured <10
mm, and disease progression is slow or has been a stable disease
for many years; however, 1 patient died of aspiration pneumonia
(Fig. 1). In addition, 4 patients in the SM group had a serum
thyroglobulin level of <1.0 ng/mL, and biologically, they had no
evidence of disease[9].
Considering disease progression, 35 patients were treated with
lenvatinib, while 4 died of cancer-speciﬁc disease. Meanwhile,
lenvatinib treatment could not be continued in 2 patients because
of having adverse events, hemorrhagic gastric ulcer, and persistent severe skin disorder; in one patient because of depression
related to lenvatinib treatment, and in another patient because of
suspected anaplastic transformation due to progressive disease

Statistical analysis
The median values between 2 groups were compared using the
Fisher test for nominal variables and the Mann-Whitney U test
for continuous variables. The statistically signiﬁcant difference
was set at P < 0.05. All statistical data were analyzed using the
EZR[8]. The overall survival (OS) was calculated using the

Table 1
Patient characteristics of the follow-up and lenvatinib treatment
groups.
Group
N
T0 (%)
T1 (%)
T2 (%)
T3 (%)
T4 (%)
N0 (%)
N1a (%)
N1b (%)
Age
Female (%)
Male (%)
FTC (%)
PTC (%)
Initial M (%)
FUD (y)
Tumor size†
Tg (ng/mL)
Other M
(%)‡
Death (%)

Small
Metastasis

Large
Metastasis

Lenvatinib

51
1 (2.0)
10 (20.4)
14 (28.6)
7 (14.3)
17 (34.7)
12 (24.5)
12 (24.5)
25 (51.0)
70.0 [27–91]
29 (56.9)
22 (43.1)
6 (11.8)
45 (88.2)
23 (45.1)
3.90 [0.4–21.0]
6.0 [3–9]
24.6
[0.04–11,447]
14 (27.5)

32
0 (0.0)
3 ( 9.4)
7 (21.9)
6 (18.8)
16 (50.0)
6 (18.8)
0 ( 0.0)
26 (81.2)
73.0 [31–85]
22 (68.8)
10 (31.2)
3 ( 9.4)
29 (90.6)
8 (25.0)
5.20 [0.7–16.4]
13.0 [10–26]
58.6
[0.04–1700]
11 (34.4)

35
0 (0.0)
2 (6.2)
17 (53.1)
4 (12.5)
9 (28.1)
7 (22.6)
5 (16.1)
19 (61.3)
72.0 [41–85]
23 (65.7)
12 (34.3)
6 (17.1)
29 (82.9)
14 (40.0)
6.80 [1.8–15.0]
17.0 [10–48]
525.0
[0.2–180,000]
22 (62.9)

1 (2.0)

5 (15.6)

4 (11.4)

P
0.123

0.029*

0.912
0.502
0.612
0.179
0.014*
< 0.001*
0.002*
0.003*
Figure 1. Tumor size changes after the pulmonary metastasis appearance in
83 follow-up cases (small metastasis group and large metastasis group). ✠:
death cases. Red: patients with ≥ 20 mm metastatic lesion in which 2 of
4 patients died. Yellow: patients with 15–19 mm metastatic lesion in which 3 of
7 patients died. Green: 21 patients with 10–14 mm metastatic lesion in which
none of them died. Blue: 51 patients with ≤ 9 mm metastatic lesion in which
1 patient died from non–cancer-speciﬁc disease but the disease progression
has not been observed.

0.071

Classiﬁcation of Tumors (T) and nodes (N) was performed according to the seventh edition.
†
Largest diameter of pulmonary metastatic lesion.
‡
Other distant metastasis.
FTC indicates follicular thyroid carcinoma; FUD, follow-up duration after recognizing metastasis; M1,
with pulmonary metastasis; PTC, papillary thyroid carcinoma; Tg, thyroglobulin level (recent in the
follow-up group and baseline in lenvatinib group).
*P < 0.05.
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Figure 2. Tumor size changes before treatment in the lenvatinib treatment and large metastasis groups. The large metastasis group included cases in which
lenvatinib treatment was not indicated because of no disease progression and in those who refused treatment. Red: 11 patients with ≥ 20 mm metastatic lesion.
Yellow: 18 patients with 15–19 mm metastatic lesion. Green: 6 patients with 10–14 mm metastatic lesion. The larger the tumor diameter, the faster it grows.

can be appropriately assessed. Of the 32 patients in the LM
group, 11 patients with ≥ 15 mm metastatic lesions experienced
refractory disease progression, and 5 of them died. These results
are consistent with the results obtained before the TKI treatment
introduction[10]. Therefore, if the metastatic lesion is ≥ 15 mm,
the disease is life threatening; without lenvatinib treatment, the
affected patients will die from disease progression. Although
most pulmonary metastases from DTC have a favorable prognosis, they are deﬁnitely fatal as the disease progresses[9]. In 21
patients with 10–14 mm metastatic lesions, active surveillance
will be necessary in the future. Some patients seem to have PD,
while some exhibited an SD. The remaining 51 (66.3%) patients
in the SM group with <10 mm metastatic lesions had a slow
disease progression or SD for many years according to the current
treatment strategy. In other words, RAI treatment and TSH
suppression may be successful. Therefore, even if there is pulmonary metastasis, if it is <10 mm, it does not affect the life
prognosis.
Meanwhile, 35 patients who were RAI refractory, had disease
progression and were treated with lenvatinib. As shown in
Figures 3 and 5, evaluation on disease progression before and
after lenvatinib treatment revealed that the tumor reduced with
lenvatinib regardless of the initial size of pulmonary metastases
and that SD and PR could be maintained for a long time. Except
for four deaths, 31/35 (88.6%) patients showed that lenvatinib
suppressed disease progression and prolonged patient survival.
Unfortunately, several disease complications, such as bone
metastases, brain metastases, local recurrences, mediastinal
lymph node recurrences, and pleural dissemination, do not
improve treatment results easily[9,11]. Currently, the 10- and
20-year survival rates are 95.1% and 86.4%, respectively, in our
hospital for DTC patients with distant metastasis. These

(PD). Subsequently, the treatment evaluations according to
RECIST guidelines[7] were PD in 2, stable disease (SD) in 11, and
partial response (PR) in 22 patients. Figure 2 shows the progression of the metastatic lesion size in the LM and LV groups
before treatment. The disease clearly progressed rapidly in all
patients in the LV group. Lenvatinib treatment was started when
the maximum diameter of metastases was ≥ 20 mm in 11
(31.4%) patients, 15–19 mm in 18 (51.4%) patients, and 10–14
mm in 6 (17.1%) patients. The posttreatment progress is shown
in Figure 3. Of 29 patients with ≥ 15 mm metastatic lesions,
4 died because of failed treatment continuity due to the presence
of adverse event and other reasons; meanwhile, all 6 patients with
10–14 mm metastatic lesions survived. The metastatic lesions in
16 (45.7%) patients have shrunk to <10 mm. Figure 4 illustrates
a waterfall graph of the therapeutic effect. The OS curves of the
LM and LV groups are shown in Figure 5. Although no signiﬁcant difference (P = 0.334) was observed, the 10-year survival
rate was 84.3% in the LV group and 70.6% in the LM group, and
the curve was higher even if the disease progressed clearly. The
median treatment period was 23.0 (4.2–61.2) months, the initial
dose was 24 (10–24) mg, and the current dose was 10.0 (8–14)
mg. The reduction ratio shown in the graph is not the best
response but the current evaluation. Among the 31 patients with
ongoing treatment, 9 (29.0%) had SD, and 22 (71.0%) patients
had PR.

Discussion
Tumor burden can be accurately determined by measuring the
tumor diameter in pulmonary metastases. In each patient, considering that the disease progression can be evaluated precisely by
the unit mm, the prognosis of DTC with pulmonary metastasis
3
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Figure 3. Progress of metastatic lesions by lenvatinib treatment. ✠: death cases. Red: 11 patients in whom treatment was started when the metastatic lesion size
was ≥ 20 mm; 2 patients died. Yellow: 18 patients who started treatment when the metastatic lesion size was 15–19; 2 patients died. Green: 6 patients who started
treatment when the metastatic lesion size was 10–14 mm; none of them died. Disease progression is suppressed in all patients by continual lenvatinib treatment.

improved outcomes for DTC patients with distant metastases are
driven by favorable outcomes for the most common pulmonary
metastases.
In the real world, lenvatinib treatment results are reportedly
worse[12,13] than those in the SELECT trial[14]. Nonetheless, the
results in this study are favorable because we excluded patients
with bone metastases or local disease for the target lesion.
However, the following limitations should be considered. First,

all pulmonary metastases could not be evaluated with a maximum diameter by the unit mm. Some patients have diffuse or
numerous nodules in pulmonary metastasis[15]. In these patients,
disease progression should be evaluated by the increase of the
tumor volume on the image. Although some patients with diffuse
pulmonary metastases are included in this study, delayed evaluation of disease progression and missed the timing of lenvatinib
treatment must be avoided. Second, regarding pleural effusion

Figure 4. Baseline tumor size before lenvatinib treatment and current tumor reduction rate. Black: baseline tumor diameter (mm). The graph contains the reduction
rate of progressive disease (PD; red), stable disease (SD; yellow), and partial response (PR; blue). The reduction ratio is not the best response but the current size.
Units are % divided by baseline tumor size. Furthermore, 2 patients with PD, and 2 patients with SD died because they could not continue their oral administration.
Of the 31 patients who continued oral administration, 9 (29.0%) had SD, and 22 (71.0%) had PR.
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Figure 5. Comparison of OS curves after the appearance of lung metastases
between LM and LV groups. No signiﬁcant difference was noted (P = 0.334),
but the curve for the LV group is located above. It is suggested that lenvatinib
prolongs survival even in the LV group, in which the disease progression was
apparently progressing. LM indicates large metastasis, LV; lenvatinib
treatment.
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with coexisting pleural dissemination, mediastinal, hilar lymph
node metastases, and pleural dissemination were excluded
because it may be symptomatic regardless of the tumor diameter;
once pleural effusion is recognized, the tumor diameter cannot be
measured. Considering that these patients have a poor prognosis,
establishing another standard for evaluating disease progression
is necessary.
Our study has some limitations. First, our study is nonrandomized; however, randomized studies of patients with
rapidly progressive, iodine refractory thyroid cancer are difﬁcult
to perform. Second, it is difﬁcult to establish whether lenvatinib
suppressed disease progression and prolonged survival. Our data
may suggest it, but there is no clear proof.
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