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Efficacy of regorafenib in acute pulmonary carcinomatous
lymphangitis as a manifestation of rectal cancer: A case report
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Abstract. Recent therapeutic advancements have prolonged
the survival duration of patients with metastatic or recurrent
colorectal cancer even during salvage treatment. Although
treatment with regorafenib and trifluridine/tipiracil combi-
nation has exhibited apparent survival benefits, clear and
objective evidence of a response to these drugs is scarce.
Herein, the present study reports the case of a patient with
rectal cancer refractory to multiple surgical interventions and
standard chemotherapy. Treatment with regorafenib resulted
in immediate improvement of respiratory failure caused by
pulmonary lymphangitic carcinomatosis. This improvement
persisted for over 3 months and was confirmed by radiology.
Our findings suggest that regorafenib can reduce peritumoral
edema via its interaction with the vascular endothelial growth
factor receptor. Thus, regorafenib functions as a multityrosine
kinase inhibitor to alleviate symptoms of lymphangitic carci-
nomatosis despite the low potency of the drug.

Introduction

Regorafenib and trifluridine/tiperacil combination (TAS102)
has shown survival benefit among patients with metastatic or
recurrent colorectal cancer in cases where salvage treatment
of fluoropyrimidine, irinotecan, oxaliplatin, anti-vascular
endothelial growth factors (VEGFs), and anti-epidermal
growth factor receptor therapy is required following failure of
standard therapy. However, a clear and objective evidence of
response of these drugs is rarely observed (1-4).

Herein, we report the case of a patient with rectal cancer
refractory to multiple surgical interventions and standard
chemotherapy, for whom administration of regorafenib treat-
ment resulted in immediate improvement of respiratory failure
caused by carcinomatous pulmonary lymphangitis in response

Correspondence to: Dr Nobumichi Takeuchi, Department of
Medical Oncology, Ina Central Hospital, 1313-1 Koshirou Kubo,
Ina, Nagano 396-8555, Japan

E-mail: ntakeuti@inahp.jp

Key words: regorafenib, rectal cancer, carcinomatous lymphangitis

to regorafenib treatment. Written informed consent for publi-
cation was obtained from the next of kin.

Case report

A 65-year-old Japanese man underwent curative surgery for
advanced rectal cancer with lymph node metastases at Ina
Central Hospital without consecutive adjuvant treatment in
April 2011. The tumor was diagnosed as Stage I1I1B (T3N1bMO;
AJCC-TNM 8th edition) by the pathological department of
Ina Central Hospital. In October 2013, bilateral pulmonary
metastases were detected by computed tomography without
clinical symptom during routine follow-up and resected at
Aizawa Hospital (Matsumoto city, Nagano, Japan). No definite
histological differences were noted when compared with the
specimen obtained during initial surgery. KRAS exon 2 codon
12D mutation was detected in the primary lesion and pulmonary
metastases by Scorpion ARMS method (TheraScreen®: K-RAS
Mutation kit). In March 2015, magnetic resonance imaging
(MRI) revealed four brain metastases during the investigation
of persistent headache, which were treated with stereotactic
body radiotherapy (SBRT). Consecutively, followed by general
chemotherapy with capecitabine 1,000 mg/m? (twice daily for
2 weeks), 7.5 mg/kg bevacizumab and 130 mg/m? oxaliplatine
on day 1 repeated every 3 weeks until February 2016 when
other brain metastases, multiple pulmonary metastases with
pleural deposits, and multiple bone metastases were detected
by MRI, computed tomography (CT) and positron emission
tomography scans. After pleurodesis and SBRT for symptom
palliation, general combination chemotherapy with 40 mg/m?
S-1 (a combination of tegafur, gimeracil and oteracil) twice
daily for 2 weeks, and irinotecan 150 mg/m?on day 1 repeated
every 3 weeks was initiated in April 2016. After 3 weeks, the
treatment was discontinued because of grade 3 general fatigue
and poor appetite.

On June 23, 2016, the patient was admitted to Ina
Central Hospital with dyspnea. Assessment involving chest
X-ray and CT, revealed cardiac tamponade (Fig. 1A and B).
Pericardiocentesis detected 600 ml of pericardial effusion,
in which adenocarcinoma cells were detected. (Fig. 1C). The
patient was discharged 4 days after pericardiocentesis; however,
he was readmitted 2 days after discharge because of dyspnea.
Unlike the previous admission, chest X-ray (Fig. 2A) and CT
(Fig. 3) revealed an interstitial pattern in the upper lobe of the
left lung without evident increase in pericardial effusion.
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Figure 1. Radiographic and CT images of the chest obtained on June 23, 2016. Evident pericardial effusion and infiltrative shadow localized in the right lower
lung from (A) chest X-ray and (B) CT. (C) Adenocarcinoma cells in pericardial effusion obtained by pericardiocentesis. CT, computed tomography.

Figure 2. Radiographic image of chest during the early phase of regorafenib
treatment. (A) Before treatment: A diffuse interstitial shadow in the left
upper lobe (arrow) and localized infiltrative shadow in the right lower lobe.
(B) Day 3. (C) Day 5. (D) Day 14. Quick and evident improvement of inter-
stitial shadow was shown.

Figure 3. CT of chest on day 1 revealed ground-glass opacities in the left
upper lobe (arrows). ground-glass opacities clearly improved. CT.

On the day after the readmission (day 1), once-daily
oral administration of 120 mg regorafenib was given for 21
consecutive days. Dyspnea was assessed by the Medical
Research Council (MRC) Dyspnea Scale (5), following
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Figure 4. Clinical course after admission. Steady and quick improvement of
respiratory failure by regorafenib. CT, computed tomography; MRC, medical
research council.

Figure 5. Computed tomography of chest on day 7 showed ground-glass
opacities clearly improved (arrows).

hospitalization and oxygen saturation improved quickly and
steadily following initiation of regorafenib. Oxygen adminis-
tration was decreased gradually from day 4 until day 8 (Fig. 4).
Chest X-ray revealed visible improvement of the interstitial
pattern after treatment (Fig. 2B-D). Furthermore, CT on day 7
revealed clear improvement in the interstitial pattern (Fig. 5).
Regorafenib was orally administered for 21 days without
dose adjustment. Hematological and non-hematological
adverse effects did not occur until his discharge on day 22.
Regorafenib treatment as aforementioned was reinitiated at
an outpatient clinic after a 7-day resting period (Fig. 6). The
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Figure 6. CEA level and the treatment course. No marked changes in elevated CEA levels were observed throughout the course of the treatment. Administration
of candesartan cilexetile to treat grade 2 hypertension began during the second course of treatment (A). CEA, carcinoembryonic antigen.

Figure 7. Chest imaging on day 109. (A) Radiographic imaging of chest. (B) CT of the chest. Marked pericardial effusion (arrows) without any pulmonary

interstitial pattern was observed.

patient experienced grade 2 hypertension and required the
administration of candesartan cilexetile, which was maintained
by dose escalation during the second course of treatment (A
in Fig. 6), and administration of regorafenib was withdrawn
after they developed proteinuria (>1 g/dl) with hypoalbumin-
emia (2.5 mg/dl) and grade 4 renal function depletion (6) on
day 18 of the fourth course of regorafenib treatment (103 days
after initiation of treatment). The patient was readmitted with
general fatigue and hypotension, which temporarily improved
by pericardiocentesis, 6 days after discontinuation of rego-
rafenib. Chest X-ray and CT did not indicate relapse of the
interstitial pattern in the upper lobe of the left lung (Fig. 7).
However, the patient died of cardiac tamponade on day 12 of
admission, 121 days after initiation of regorafenib treatment.
Autopsy revealed cardiac tamponade caused by bloody
pericardial effusion derived from disseminated nodules
(1,130 ml; Fig. 8), which was determined to be the direct
cause of death. In addition, bilateral carcinomatous pleuritis
with direct invasion of the attached lung was observed.
Microscopic examination (magnifications, x100 or x200)

Figure 8. Macroscopic autopsy observations. Bleeding in the pericardial
space resulted in cardiac tamponade. Diffuse and evident pericardial
dissemination was observed.

were performed on 3 ym-thick sections of paraffin embedded
specimen, fixed in 10% formalin at room temperature for 24 h,
and stained with 0.1% hematoxylin for 4 min and 1% eosin for
2 min. Diffuse lymphangitic carcinomatosis of the left lung
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Figure 9. Microscopic observations. Disseminated viable cancer cells were found in the dilated lymphatic vessels of (A) the pericardium (hematoxylin and
eosin staining; magnification, x100) and (B) the left lung (hematoxylin and eosin staining; magnification, x200). Arrows indicate tumor cells in the dilated

lymphatic vessels.

without macroscopic nodules and moderately differentiated
adenocarcinoma were observed throughout both lungs and
the pericardium, with evidence of lymphatic invasion without
tumor necrosis (Fig. 9). The histological findings thus indicate
that chemotherapy has minimal effect.

Discussion

Regorafenib markedly extend the progression-free survival
time (PFS) and overall survival time (OS) in patients with
pretreated metastatic colorectal carcinoma (mCRC) in the
international phase II CORRECT study (NCT 01103323) (1-4).
Dose modification, due to toxicity associated with treatment,
was required in 49% of cases in the CONSIGN Phase IIIb
study (7). Additionally, recent data on the real clinical practice
of using regorafenib for treatment have been collated, which
revealed that treatment was initiated at a 25%-decreased dose
(120 mg/day) in 59- and 50% -decreased dose (80 mg/day)
in 13% of cases, in order to avoid adverse effects due to
toxicity (such as hand-foot syndrome or general fatigue) (8).
Bekaii-Saab er al (9) reported that the dose-escalation strategy
starting from half of the regulated starting dose (160 mg once
daily) provides a safe and effective alternative with improved
of quality of life of the patients during treatment in phase II
study.

Previous studies have reported observation of a radiological
response as defined by the response evaluation criteria in solid
tumors criteria (version 1.1) (10) in 1-4.4% of patients (1,2,11).
Minimal to no tumor growth (9% increase in the sum of
target-lesion diameters) in the 8th week of treatment was
considered a predictive marker of improvement in the OS
as defined by the RadioCORRECT post-hoc radiological
analysis (12); however, this series did not include cases of
partial response or complete response, and the disease control
rate was 53.4% (12). In some studies, decreased density of liver

metastases and cavitating pulmonary metastases, which are
characteristic radiological changes induced by antiangiogenic
agents, are reported as predictive markers of improved prog-
nosis (13,14). The RadioCORRECT study reported that these
radiological findings do not affect the OS or PFS. Furthermore,
Lim et al (15) reported that the magnitude of change in the
tumor density does not affect the clinical outcome.

Other agents, such as TAS102, have also proven to exert
long-lasting effects on the OS of patients with mCRC where
salvage treatment has not resulted in improvement of overall
response rate (3,4).

Lymphangitic carcinomatosis is essentially the infiltration
of the lung lymphatics with malignant cancer cells; symptoms
manifest as an increase in lung tissue permeability (16-18).
Previous studies involving radiological imaging have shown
that early reduction of tumor perfusion and vascularity can
be achieved by administration of regorafenib in a xenograft
model (19,20). Furthermore, lymphatic spread of tumor cells is
accelerated by lymphangiogenesis promoted by VEGF-C and
VEGF-D, which bind to the VEGF receptor-3 on lymphatic
endothelial cells (21,22). This receptor is a target of regorafenib,
which acts as a multitarget tyrosine kinase inhibitor (19).

In the present case, regorafenib induced quick and
prominent reduction in lung permeability resulting in early
improvement of respiratory distress. This could be attributed
to the effect of regorafenib on tissue permeability, as estab-
lished in previous xenograft model studies (19,20).

Histological examination of the left lung reveled viable
tumor cells in the dilated lymphatic vessels. In contrast, clin-
ical imaging did not show lymphangitic carcinomatosis until
the death of the patient owing to pericardial dissemination. No
evident change in the increased levels of carcinoembryonic
antigen (above the normal range) during treatment suggested
that regorafenib had markedly improved lymphangitis and
maintained the peritumoral osmotic pressure, with a moderate
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effect on lymphatic invasion and minimal direct effect on
cancer cells. These results might be attributed to the effects of
regorafenib on the VEGF receptor-1, -2, and -3.

In conclusion, the present study reports a case in which
regorafenib markedly reduced peritumoral edema via its
multityrosine kinase inhibitor activity toward VEGF recep-
tors. The administration of regorafenib rapidly alleviated the
symptoms of lymphangitic carcinomatosis, despite its inad-
equate potency.

The treatment regimen for regorafenib administration
requires further improvement to increase safety and effi-
cacy (9,23). In addition, combination treatment of regorafenib
with other cytotoxic agent warrants further investigation (24);
however, this represents a promising approach for the treat-
ment of osmotic abnormalities in the peritumoral environment.
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