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Abstract:

A 77-year-old man was treated with a DPP-4 inhibitor for type 2 diabetes. Hypoglycemia occurred fre-
quently, and an examination revealed a tumor with a maximum diameter of 140 mm in both lobes of the
liver. Western immunoblotting detected a high-molecular-weight form of insulin-like growth factor-II, and
non-islet cell tumor hypoglycemia was diagnosed. Although prednisolone 40 mg was started, hypoglycemia
continued to occur frequently. Surgical tumor removal was not indicated, so lenvatinib was initiated. Hypo-
glycemia improved quickly, and the tumor shrank until it had partially disappeared. His condition continued

to improve, and he was discharged.
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Introduction

Intrinsic hypoglycemia has several triggers that do not in-
clude the use of oral hypoglycemic agents or insulin. Insuli-
noma, insulin autoimmune syndrome, and non-islet cell tu-
mor hypoglycemia (NICTH) are all known causes of intrin-
sic hypoglycemia.

NICTH was first reported to cause hypoglycemia in 1988
as a result of the high-molecular-weight insulin-like growth
factor-II (big IGF-II) produced by leiomyosarcoma (1).
Since then, the occurrence of NICTH as a result of big IGF-
II-producing tumors has been reported (2, 3). Treatment
with tumor resection or corticosteroid administration is con-
sidered the main therapy for NICTH (4). However, in the
current case of NICTH, the response to steroids was ineffec-
tive. We herein report the efficacy of chemotherapy using
lenvatinib in the early stages of administration. The current
case is unusual, given that the use of lenvatinib has not been

previously reported to be effective for NICTH due to liver
cancer.

Case Report

A 7T7-year-old man who was sweating and trembling was
transported to our emergency room. He had been diagnosed
with type 2 diabetes at 42 years old and been temporarily
given insulin therapy. However, his glycemic control was
good, and treatment was continued with only a single DPP-
4 inhibitor. About one month before being hospitalized, the
patient began sweating and was frequently trembling. His
blood glucose measurement showed hypoglycemia, so he
was treated with oral glucose. His hypoglycemia gradually
worsened, and he was transported to the emergency room
because of hypoglycemic attacks.

The patient was conscious, but a laboratory examination
demonstrated a low blood glucose level of 52 mg/dL. His
symptoms resolved with the intravenous administration of
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Table 1. Laboratory data.
[Peripheral blood] [Biochemical examination] Blood glucose 56 mg/dL
WBC 10.3x103 /uL TP 6.4 g/dL HbAlc (HPLC) 5.0 %
RBC 3.64x10° /uL Alb 2.6 g/dL Glycoalbumin 21.1 %
Hb 11.2 g/dL T-bil 1.23 mg/dL
Ht 33.6 % D-bil 0.4 mg/dL [Endocrinological examination]
MCV 92.1 fL AST 79 U/L GH 0.23 ng/mL
MCH 30.6 pg ALT 66 U/L IGF-1 12 ng/mL
MCHC 333 % LDH 428 U/L TSH 1.48 uU/mL
Plt 47.5x10* /uL ALP 1,120 UL FT3 2.61 ng/dL
7-GTP 235 U/L FT4 0.99 pg/dL
[Coagulation study] AMY 71 U/L ACTH 9.7 pg/mL
PT 45.1 % CK 68 U/L Serum Cortisol 22.7 pg/dL
PT-INR 1.64 BUN 10 mg/dL Urine Cortisol 112 pg/day
APTT 37.7s Cr 0.71 mg/dL PRA 3.3 ng/mL/h
D-dimer 4.9 pg/mL  eGFR 81 mL/min/1.73 m> PAC 38.3 pg/mL
UA 2.9 mg/dL IAA <0.4 U/mL
CRP 0.07 mg/dL Anti-GAD-Ab <0.5 U/mL
TC 220 mg/dL Urine CPR 15.2 ug/day
TG 49 mg/dL Serum CPR* 0.07 ng/mL
LDL-C 153 mg/dL Serum insulin* <0.3 pU/mL
HDL-C 45 mg/dL
Na 139 mEq/L [Infectious disease and tumor marker]
K 2.9 mEq/L HBs-Ag )
Cl 95 mEq/L HCV-Ab )
Ca 7.8 mg/dL AFP 13.8 ng/mL
P 3.9 mg/dL CEA 4.4 ng/mL
CA19-9 5.3 U/mL
ANA negative NSE 33.8 ng/mL
AMA-M2 negative Pro-GRP 52.8 pg/mL
ASMA negative

*Serum insulin and C-peptide were examined during hypoglycemia.
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Figure 1. Serum IGF-II electrophoresis by Western immu-
noblotting. Big IGF-II corresponding to 11-18 kDa was ob-

served. IGF-II: insulin-like growth factor-II, *hM: human

glucose. He was hospitalized to determine the cause of and
to treat his repeated hypoglycemia.

The patient had been eating three meals a day before ad-
mission. The DPP-4 inhibitor from admission was discontin-
ued, but his hypoglycemia did not improve, so he was deter-
mined to be negative for drug-induced hypoglycemia. The
laboratory data on admission are shown in the Table 1. In
the endocrinological examination, only serum insulin and C-
peptide levels were examined during hypoglycemia; both
were suppressed. Other endocrinological examination were
performed after the intravenous administration of glucose.
According to the results, no insulinoma, insulin autoimmune
syndrome and decreased levels of insulin antagonist hor-
mones were observed. Enhanced computed tomography
(CT) revealed multiple tumors in the liver with a maximum
diameter of 140 mm, as well as hematomas in the center of
tumor where the contrast leaked out. Ascites was present on
the liver surface and in the rectovesical pouch. Left unilat-
eral pleural effusion was also present (Fig. 1).

In addition to the presence of a large tumor in the liver,
IGF-I was suppressed to just 12 ng/mL (standard range of
IGF-I in a 77-year-old man: 48-177 ng/mL), so we consid-
ered a diagnosis of hypoglycemia because the tumor was
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Figure 2. Time course of treatment and trends in blood glucose levels during hospitalization. The

red zone indicates blood glucose below 70 mg/dL. Hypoglycemia disappeared early after the admin-

istration of lenvatinib.

producing the macromolecule IGF-II. Western immunoblot-
ting results using patient sera were compared with using 7.5
kDa normal IGF-II. Big IGF-II corresponding to 18 kDa
was detected (Fig. 2), and we confirmed a diagnosis of
NICTH.

During hospitalization, when the blood glucose level was
less than 70 mg/dL, glucose was administered regardless of
hypoglycemic symptoms. The DPP-4 inhibitor he had been
taking at admission was stopped, and the patient continued
to eat a full diet of 21,600 kcal/day on free feeding. How-
ever, hypoglycemia was frequently observed after admission,
and severe hypoglycemia with a blood glucose level of <30
mg/dL. was also observed. Thus, continuous infusion of 10%
glucose solution 1,000 mL/day was given in addition to free
feeding, but this did not improve the frequency of hypogly-
cemia. Since the presence of large serum IGF-II was con-
firmed, prednisolone (PSL) 40 mg/day was administered
starting at day 12. Despite these measures, the baseline
blood glucose level continued to increase, and hypoglycemia
was frequently observed thereafter (Fig. 3).

Hepatocellular carcinoma was confirmed to be associated
with NICTH, and tumor resection was considered. But the
tumor was scattered in both hepatic lobes, and retention of
moderate or more ascites was recognized, so chemotherapy
was started. In this case, the Child-Pugh classification was B
(9 points), and concomitant medication of lenvatinib 8 mg/
day, which is indicated for hepatocellular carcinoma that
cannot be removed, was started on day 16 of hospitalization.
The frequency of hypoglycemia decreased as early as 3 days
after the start of lenvatinib and had disappeared by day 24.

Thereafter, 10% glucose was discontinued, and PSL was
gradually reduced, but no additional hypoglycemia was ob-
served. Even after the reduction of lenvatinib to 4 mg, no
further hypoglycemia was observed.

Contrast-enhanced CT was re-examined. The parenchymal
tumor was showed to be markedly reduced, and part of the
tumor had disappeared (Fig. 4). The hematomas were
slightly increased. Pleural effusion had also decreased, and
no other findings, such as the development of distant metas-
tasis, were noted. Chemotherapy with lenvatinib was contin-
ued. By the time he was discharged, the PSL dose had been
reduced to 10 mg twice daily in the morning and evening,
but no additional hypoglycemia was observed. If this state
could be maintained without hypoglycemia, we planned
continue to reduce the dose after discharge.

At discharge, the blood glucose level before breakfast was
approximately 80-140 mg/dL, the day and evening blood
glucose levels were approximately 130-180 mg/dL, and the
early morning and night blood glucose levels were approxi-
mately 70-110 mg/dL. The patient still discontinued the use
of the antidiabetic drugs and continued to maintain dietary
therapy, including split meals, to prevent the reoccurrence of
hypoglycemia.

Discussion

NICTH is a relatively rare cause of spontaneous hypogly-
cemia (4, 5). The causative tumors are hepatocellular carci-
noma, derived from mesenchymal tumors, including leio-
myosarcoma, mesothelioma, and extravascular cell tumors,
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Figure 3. CT images before and after treatment. Upper panels A to D show findings treatment,
while lower panels A’ to D’ show findings on day 27, when hypoglycemia disappeared. Before the

administration of lenvatinib, multiple tumors with a maximum diameter of 140 mm were present in

the liver, along with hematomas in the center of the tumor where the contrast leaked out. Ascites was
present on the liver surface and in the rectovesical pouch. Left unilateral pleural effusion was also
present. After treatment, the multiple tumors in the liver partially disappeared and shrank over the
course of treatment. Pleural effusion almost disappeared, but the volume of ascites remained un-

changed.

and gastric cancer. Approximately 70% are large tumors
with a maximum diameter of 10 cm (6, 7). NICTH-related
IGF-II is known to be a large molecule. Although the mo-
lecular weight of ordinary IGF-II is about 7.5 kDa, high-
molecular-weight IGF-II is typically 11-18 kDa (1).

IGF is classified into IGF-I and IGF-II with structures
that are similar to those of proinsulin, and both have a hy-
poglycemic effect, although they are only 1/10 as potent as
insulin in vivo (8). Approximately 70-80% of normal IGF-II
forms a trimer with IGF binding protein (IGFBP) and acid
labile subunit (ALS) in vivo and exists in a state with poor
physiological activity. However,
weight IGF-II molecules, such as that described in this case,
lack a high affinity with ALS. As a result, they pass through
the capillary walls because they exist as dimers (IGF-
IGFBP) with IGFBP and free IGF-II. IGF-II is said to bind
to the insulin receptor in the target tissue and cause hypo-
glycemia (8, 9). In addition, IGF-II acts to suppress GH,
and reduced GH reduces ALS and IGFBP so that the por-
tion of free high-molecular-weight IGF-II increases and hy-
poglycemia worsens (10). In healthy individuals, big IGF-II
in the blood is considered to account for approximately 10%
to 20% of the total IGF-II, but an increased ratio of high-
molecular-weight IGF-II is believed to be associated with
hypoglycemia (11). These results suggest that measuring
only the total concentration of IGF-II in the blood may not
be sufficient for diagnosing NICTH resulting from big IGF-
II-producing tumors (7). In addition IGF-I can be sup-
pressed, as in the present case, and the serum insulin con-

many high-molecular-

centration, GH secretion, and serum potassium levels are
suppressed and very low in many cases (12-14). However,
IGF-I is released by the coaction of platelets and hepato-
cytes, and IGF-I shows a decreasing trend in patients with
cirrhosis. IGF-I may thus serves as a reference value in
cases with a reduce liver function reserve.

The primary choice for the curative treatment of NICTH
is complete resection of the tumor (13). However, as de-
scribed above, many tumors are large, with a maximum di-
ameter over 10 cm. In these cases, partial excision of the tu-
mor or radio-chemotherapy is generally selected, although
the effect is limited. In addition to direct treatment for tu-
mors, divided meals, an increased calorie intake, continuous
intravenous nutritional administration, and treatment with in-
tractable glucagon (or corticosteroids if refractory) should be
considered (15). Furthermore, in some cases, the combined
use of human GH injection and corticosteroid administration
is effective, but there is a concern that the total serum IGF-
II may be increased, and its effectiveness is inconsis-
tent (15, 16). The administration of corticosteroids has been
suggested to not only promote gluconeogenesis and increase
insulin resistance in tissues but also directly decrease IGF-II
production from tumors (17). Furthermore, since IGF-II is a
tumor-promoting growth factor, suppression of IGF-II pro-
duction using glucocorticoids may inhibit the growth of the
tumor itself (15). A PSL dose of 30-60 mg/day is recom-
mended, and the dose should be examined for each case
based on the size of the tumor.

The current case is a type 2 diabetic patient who had
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Table 2. Published Data on Patients with NICTH That Attempted to Treatment for Repeated

Hypoglycemia.
Reference Age  Sex Tumor size M(;Z; il;fgf)zr;cte};irizpy

Present case 77 M Diffuse tumor, Maximum 14 cm Lenvatinib
19 38 M Diffuse tumor Corticosteroids
20 33 M Maximum 20 cm none
21 35 F Diffuse tumor Transcatheter arterial infusion
22 73 M Diffuse tumor, Maximum 13 ¢cm Transcatheter arterial embolization
23 77 M Diffuse tumor none
24 72 F Maximum 10 cm Split meal
25 36 F - Growth hormone and Corticosteroids
26 60 F Diffuse tumor Transcatheter arterial embolization
27 76 F Diffuse tumor IVH
28 - - - Transcatheter arterial infusion
29 62 M Maximum 14 cm none

M: male, F: female

-2 not available, none: tried some treatments but no effective, IVH: intravenous hyperalimentation

been treated with a single DPP-4 inhibitor as a therapeutic
agent. The oral compliance was good, no overdose was ob-
served, and the frequency of hypoglycemia did not improve
even after drug discontinuation. Therefore, drug-induced hy-
poglycemia was considered unlikely. Although various endo-
crinological examinations were performed to determine the
cause of hypoglycemia, reduced insulin antagonist hormone
levels, such as pituitary-adrenal insufficiency, were not de-
tected. In addition, the serum insulin levels during hypogly-
cemia were below the measurement sensitivity, and insuli-
noma was negative. Furthermore, the patient was negative
for anti-insulin antibody and insulin autoimmune syndrome.
The patient ate three meals a day before admission and con-
tinued to stably consume 1,600 kcal/day, without alcohol or
excessive exercising. Therefore, alcoholic hypoglycemia and
insufficient calorie intake, reactive hypoglycemia due to ex-
cessive carbohydrate intake, and increased calorie consump-
tion due to exercise were also negative. In addition to the
presence of a large liver tumor, IGF-I was suppressed, al-
though IGF-I may be reduced in patients with decreased
liver functional reserve; further, the blood insulin levels
were decreased, and hypokalemia was noted. Given these
findings, NICTH due to a big IGF-II-producing tumor was
suspected and this possibility was examined.

The present patient had hepatocellular carcinoma with a
decreased liver functional reserve. We suspected that in ad-
dition to NICTH, the decrease in glycogen storage due to
the decreased liver function (18) had made hypoglycemia
occur more frequently. However, the therapeutic effects of
steroids were poor, and after the disappearance of hypogly-
cemia, the Child-Pugh classification was not improved, re-
maining 9 points as it had been before lenvatinib had been
started. In addition, the pleural effusion almost disappeared,
but the ascites volume remained unchanged. These results
indicate that there was no improvement in the liver function
reserve. The initiation of anticancer chemotherapy and the
effect of the consequent reduction in the hepatocellular car-

cinoma size were thus deemed to have contributed signifi-
cantly to the improvement of hypoglycemia, rather than the
hypoglycemia being improved by an improving liver func-
tion.

No previous study has shown that the administration of
lenvatinib for hepatocellular carcinoma with NICTH resulted
in the rapid improvement of hypoglycemia. We searched in
PubMed for cases of NICTH due to hepatocellular carci-
noma using the following keywords: “hepatocellular carci-
noma,” “IGF” and ‘“hypoglycemia.” This search found 11
cases that attempted treatment for repeated hypoglycemia in-
cluding the present case (Table 2) (19-29). Almost all cases
were in an advanced or terminal stage, and the therapeutic
effect against hypoglycemia and hepatocellular carcinoma
was only temporary. In a few cases, corticosteroids were ef-
fective for hypoglycemia. Some cases of terminal stage he-
patocellular carcinoma have demonstrated adrenal insuffi-
ciency including those with adrenal metastases (30). In those
cases in particular, corticosteroids may temporarily improve
hypoglycemia, but hypoglycemia often recur due to the pro-
gression of hepatocellular carcinoma, so radical treatment
may be crucial.

Lenvatinib is an oral tyrosine kinase inhibitor with a se-
lective inhibitory activity. It is involved in tumor angiogene-
sis and tumor malignant transformation by vascular endothe-
lial growth factor (VEGF) 1-3, fibroblast growth factor re-
ceptor (FGFR) 1-4, platelet-derived growth factor (PDGF)
o, rearranged during Transfection (RET). In particular, len-
vatinib has high selectivity for kinases such as VEGF and
FGF which are important for angiogenesis, and its strong in-
hibitory activity against FGFR4 is effective for preventing
the malignant transformation of hepatocellular carcinoma
and suppressing invasive metastasis (31). Therefore, len-
vatinib is expected to exert an excellent antitumor effect
against hepatocellular carcinoma, with a high expected re-
sponse rate and rapid appearance of effects. (31, 32). In the
present case, the liver function reserve had already de-
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creased, so performing hepatectomy or transcatheter arterial
chemoembolization (TACE) have further reduce the liver
function reserve, which may have led to the exacerbation of
hypoglycemia. Lenvatinib therefor seems to be well-
indicated for unresectable NICTH with a reduce liver func-
tion reserve as in this case.

Author’s disclosure of potential Conflicts of Interest (COI).
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