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Abstract. Regorafenib has been demonstrated to prolong 
survival in patients with metastatic colorectal cancer refrac‑
tory to standard chemotherapy. However, overall survival is 
limited to 2.5 months. The present report describes a unique 
case of metastatic colon cancer, which showed a complete 
response to regorafenib. A 54‑year‑old woman was diagnosed 
with right colon cancer obstruction with peritoneal seeding. 
The patient underwent laparoscopic right hemicolectomy, 
and the pathology was T4aN2bM1, moderately differentiated 
adenocarcinoma with high microsatellite instability (MSI‑H) 
and wild‑type KRAS/NRAS. The first‑line chemotherapy was 
fluorouracil, leucovorin and irinotecan with cetuximab. After 
12 cycles, recurrence at the anastomotic site was identified. 
The patient underwent palliative colectomy, and superior 
mesenteric artery (SMA) lymph node metastases were evident. 
The patient received second‑line chemotherapy of fluorouracil, 
leucovorin and oxaliplatin with bevacizumab. Progression 
of metastasis to the right common iliac lymph nodes was 
detected after only four cycles of therapy. Thereafter, the 
patient received regorafenib as third‑line therapy, starting with 
160 mg for two cycles and reducing the dose thereafter, for 
a total of 17 cycles. The previously confirmed SMA lymph 
node metastasis had disappeared after the seventh cycle, and 
the right common iliac lymph node metastasis was not visible 
on CT after the 16th cycle. The patient decided to terminate 
regorafenib and has not experienced recurrence 2 years since 
treatment cessation. This is the first report of refractory meta‑
static colon cancer with MSI‑H showing a complete response 
to regorafenib. Further studies are required to investigate the 
efficacy of regorafenib in refractory metastatic colon cancer 
with MSI‑H and to elucidate the mechanism of remission.

Introduction

Regorafenib is a novel oral multikinase inhibitor that has 
shown antitumor activity in various gastrointestinal cancers, 
including colorectal cancer and gastrointestinal stromal 
tumor (1). The CORRECT and CONCUR trials have been 
significant benchmarks in the management of metastatic 
colorectal cancer (mCRC), demonstrating that regorafenib 
can slow disease progression and increase the median overall 
survival (OS) in patients with mCRC (2,3). Those double‑blind 
phase 3 studies showed that the addition of regorafenib to best 
supportive care prolongs the median OS by up to 2.5 months 
and progression‑free survival (PFS) by up to 1.5  months 
compared with the addition of placebo in patients with mCRC 
who had progressed after standard therapy failure. Although 
disease control [partial response (PR) plus stable disease] was 
achieved in 51% of the patients, only 4% showed a PR, and none 
showed a complete response (CR). Yoshino et al (4) recently 
reported a case of mCRC that responded well to regorafenib, 
resulting in a 2‑year‑long therapy with a PR. Here, we report 
the very first case of mCRC that was refractory to conventional 
chemotherapy such as fluorouracil, leucovorin and irinotecan 
(FOLFIRI) with cetuximab and fluorouracil, leucovorin and 
oxaliplatin (FOLFOX) with bevacizumab, but showed a CR 
to regorafenib. Our patient was a MSI‑H, right sided advanced 
colon cancer patient who had extensive sunlight exposure to 
her torso. We believe these factors may have contributed to 
the patient's excellent response to regorafenib, resulting in 
a prolonged state of CR even after treatment cessation. The 
mechanism behind CR should be further elucidated in future 
studies; for now, we have suggested some possible theories.

Case report

A 54‑year‑old woman with abdominal pain and nausea was 
diagnosed with hepatic flexure colon cancer obstruction 
with peritoneal seeding in March 2016 (Fig. 1). The patient 
underwent palliative laparoscopic right hemicolectomy due 
to obstruction signs, with pathologic report of T4aN2bM1 
moderately differentiated adenocarcinoma with lymphovas‑
cular invasion and perineural invasion. The tumor also had 
epidermal growth factor (EGFR) positivity, high microsatel‑
lite instability (MSI‑H), wild‑type KRAS/NRAS, and safety 
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proximal and distal margins of 7 and 11 cm, respectively. The 
peritoneal seeding mass was partially removed for biopsy 

confirmation, which revealed pathologically metastatic adeno‑
carcinoma (Fig. 2). Shortly after palliative laparoscopic right 

Figure 1. Preoperative images. (A) Colonoscopy findings of the obstructive cancer. (B) Abdominopelvic CT images of ascending colon cancer obstruction 
(arrow) with pericolic lymph node enlargement (arrowheads). (C) Positron emission tomography‑CT images.

Figure 2. Intraoperative and pathologic findings. (A) Laparoscopic view of the exophytic primary tumor. (B) Pathologic findings of the primary tumor showing 
fused/cribriform glands and extracellular mucin pools (H&E staining; magnification, x200). (C) Laparoscopic view of pericolic lymph node enlargement. 
(D) Pathologic findings of the metastatic tumor in pericolic lymph node (H&E staining; magnification, x200). (E) Laparoscopic view of peritoneal seeding. 
(F) Pathologic findings of peritoneal seeding (H&E staining; magnification, x200).
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hemicolectomy, the patient received 12 cycles of FOLFIRI 
with cetuximab. After the 12th cycle, local anastomosis site 
recurrence and pericolic lymph node metastasis were observed 
(Fig. 3). In October 2016, the patient underwent palliative 
colectomy with lymph node dissection, which revealed 10/18 
positive lymph nodes. During surgery, SMA lymph node 
metastasis was evident, which was confirmed by selective 
lymph node retrieval and permanent biopsy. Metal clips were 
placed in the area of lymph node metastasis for follow‑up. 

Following recovery, the patient received second‑line chemo‑
therapy consisting of FOLFOX with bevacizumab. Progression 
of metastasis to the right iliac lymph nodes was detected in 
January 2017 after only four cycles of FOLFOX with bevaci‑
zumab (Fig. 4). Thereafter, the patient received regorafenib, 
starting with 160  mg for two cycles, which was quickly 
reduced to 120 mg for five cycles according to the Common 
Terminology Criteria for Adverse Events (CTCAE version 5) 
indicating grade 3 palmar‑plantar erythrodysesthesia 

Figure 3. Local recurrence after 12 cycles of fluorouracil, leucovorin and irinotecan plus cetuximab. (A) Recurrence at the anastomosis site confirmed by 
colonoscopy. (B) Recurrence at the anastomosis site (arrow) with pericolic lymph node enlargement (arrowhead) on abdominopelvic CT images. (C) Positron 
emission tomography‑CT images showing high fluorodeoxyglucose uptake at the anastomosis site. (D) Pathologic evidence of a locally recurrent tumor 
showing histologic features similar to those of the primary tumor (H&E staining; magnification, x200). H&E staining of a metastatic tumor in the superior 
mesenteric artery lymph node at (E) low power (magnification, x12.5) and (F) high power (magnification, x200).

Figure 4. Distant lymph node metastasis after anastomosis site colectomy and lymphadenectomy followed by four cycles of fluorouracil, leucovorin and 
oxaliplatin plus bevacizumab (pre‑regorafenib). (A) APCT showing superior mesenteric artery lymph node metastasis with clip marking (arrow). (B) APCT 
showing right common iliac lymph node metastasis (arrow). (C) Positron emission tomography‑CT showing multifocal lymph node metastasis. APCT, abdomi‑
nopelvic CT.
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syndrome (5). Symptoms were partially alleviated after dose 
reduction, but because grade 2 palmar‑plantar erythrodyses‑
thesia syndrome persisted, the patient requested a further 
dose reduction; therefore, she received 80 mg of regorafenib 
during cycles 8‑12. After the seventh cycle, the previously 
confirmed SMA lymph node metastasis had disappeared on 
computed tomography (CT) (Fig. 5A). From cycle 13 to 17, 
the patient requested a further dose reduction to 40 mg due 
to general weakness. The right common iliac lymph node 
metastasis was no longer visible on CT after the cycle 16 
(Fig. 5B). The patient decided to terminate chemotherapy 
and has not experienced recurrence at 2 years since treatment 
cessation. The clinical effect of regorafenib monotherapy 
was classified as a CR according to the Response Evaluation 
Criteria in Solid Tumors (RECIST) v1.1 (6). CT was used 
for periodic screening, and 18F‑fluorodeoxyglucose positron 
emission tomography (PET)‑CT was used to confirm the CR 
(Fig. 6). The levels of two tumor markers, carcinoembryonic 
antigen (CEA) and carbohydrate antigen (CA) 19‑9, were 
higher during chemotherapy, but decreased during regorafenib 
treatment and became within normal range at the time of 
termination (3.05 ng/ml and 7.35 U/ml, respectively) (Fig. 7). 
The patient did not suffer from any adverse events aside from 
palmar‑plantar erythrodysesthesia syndrome and mild fatigue. 
While the patient underwent regorafenib monotherapy, she 
exposed herself to extensive sunlight for at least 1 h per day 
(Fig. 8). The patient's vitamin D ((1α25‑(OH)2Vitamin D3) 
level was not recorded during therapy but was much higher 

(68.49 pg/ml) than the normal range (19.6‑54.3 pg/ml) after 
CR achievement, without any supplements.

Discussion

Prior to the introduction of regorafenib for mCRC treatment, 
patients who were not responsive to conventional pallia‑
tive chemotherapy basically had no other treatment option. 
However, the CORRECT and CONCUR trials showed that 
both the PFS and OS of mCRC patients were prolonged 
following regorafenib treatment, compared with the placebo 
groups (P<0.0001 and P=0.0016), with a high disease control 
rate of up to 51% (2,3). Unfortunately, no patients in either 
study showed a CR, and only a few previously reported cases 
indicated radiological responses (4,7). More recent studies 
of regorafenib have reported similar results, with no patients 
showing a CR and only a few showing a PR (0‑3%)  (8,9). 
Our patient, who initially had MSI‑high, right‑sided colon 
cancer with peritoneal carcinomatosis, progressed to SMA 
and paraaortic lymph node metastases despite conventional 
chemotherapy. Progression led to cessation of chemotherapy 
and administration of regorafenib, which resulted in a CR 
according to both radiological studies and serum tumor marker 
levels, consistent with the RECIST criteria. Furthermore, the 
patient has not experienced recurrence at 2 years since cessa‑
tion of regorafenib. The CEA level was initially normal but 
increased dramatically due to diffuse paraaortic lymph node 
metastasis and then approached the normal range soon after 
the patient started regorafenib, remaining normal even after 
treatment cessation. However, the CA 19‑9 level appeared to be 
the more sensitive marker in this patient, showing significant 
elevation at the time of cancer progression. Despite first‑ and 
second‑line chemotherapy and targeted therapy, the CA 19‑9 
level continued to increase with cancer progression and only 
gradually decreased during regorafenib treatment (Fig. 7).

To our knowledge, this is the first case of a CR in a 
patient with mCRC treated with regorafenib; only a handful 
of other gastrointestinal cancer cases have shown a CR 
following regorafenib treatment. Notably, the patient's cancer 
not only stopped progressing but completely regressed. We 

Figure 5. Responses to regorafenib. (A) Disappearance of the superior mesen‑
teric artery lymph node (with clips) but persistence of the right iliac lymph 
node metastasis after seven cycles of regorafenib. (B) Disappearance of the 
right iliac lymph node metastasis along with other lymph node metastases 
after 16 cylces of regorafenib. A complete response was observed.

Figure 6. The complete response persisting at 2 years after cessation of rego‑
rafenib treatment. Lack of recurrence was indicated by (A) abdominopelvic 
CT and confirmed by (B) positron emission tomography‑CT.
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hypothesize the following reasons for the sudden disap‑
pearance of the previously chemotherapy‑resistant tumor 
following regorafenib treatment. MSI‑high tumors have a high 
mutational burden, which increases the likelihood of tumor 
exposure to the innate immune system (10,11). High MSI is 
also an effective biomarker of the response to immune‑check 
inhibitor (ICI) in colon cancer, compared with the previously 
established marker PD‑1. Thus, the mutational burden appears 
to be a more significant factor in immune system escape 
compared with PD‑1; consequently, high MSI is an important 
surrogate marker  (12,13). Increased antitumor immunity 
is among the pharmacologic traits of regorafenib  (14,15), 
which inhibits CSF1R, a tyrosine kinase receptor involved in 
macrophage proliferation. CSF1R inhibition by regorafenib 
may reduce the recruitment of tumor‑associated macrophages 
to the tumor bed, limiting their function, as demonstrated in 
a model of highly aggressive murine CT26 metastatic colon 
cancer (16,17). Regorafenib also increases cytotoxic T cells and 
inhibits the MAPK and JAK1/2‑STAT axis, thereby attenu‑
ating IFNγ‑induced PD‑L1 and IDO1 expression and inducing 
immune cell attacks (18). The REGONIVO study reported 
steady tumor regression after treatment with a combination 
of regorafenib and ICI (19). Based on these studies, increased 
tumor recognition after regorafenib treatment and decreased 
tumor immune system escape after ICI treatment appear very 
promising. Therefore, we suggest that the increased tumor 
burden due to MSI‑H status led to elevated tumor antigenicity, 
along with enhanced tumor recognition of the immune cells, 
by regorafenib in our patient, thereby inducing remission. 
However, this hypothesis should be further evaluated in larger 
sample sizes.

Another factor that may have influenced our patient's 
outcome is that she exposed her torso to sunlight for at least 

1 h per day (Fig. 8). Her vitamin D level was higher than 
the of normal range at the time of the CR, although we did 
not record her initial vitamin D level. The patient took no 

Figure 7. CEA and CA 19‑9 levels of the patient throughout the treatment duration. Recurrence was accompanied by elevated CEA or CA 19‑9 levels. CA 19‑9 
appeared to be the more sensitive marker in this patient. FOLFIRI, fluorouracil, leucovorin and irinotecan; FOLFOX, fluorouracil, leucovorin and oxaliplatin; 
preop, preoperative; postop, postoperative; mo, months.

Figure 8. Patient's tanned skin due to extensive sunlight exposure of the torso 
and limbs.
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vitamin D supplements or injections; therefore we infer that 
her high vitamin D level was due solely to the direct absorp‑
tion of sunlight. Recent studies investigating the relationship 
between vitamin D and cytotoxic T cells that attack cancer 
suggested that an increased vitamin D level may promote 
CD8+ T cell tumor infiltration, which would result in a 
lower tumor burden. Karkeni et al (20) have reported that 
vitamin D supplements contributed to significant increases 
in CD8+ T cell recruitment to the tumor site and CD8+ T cell 
activation compared with the control. We cautiously infer 
that vitamin D synthesized by sunshine may have played a 
role in activating cytotoxic T cells, which contributed to the 
patient's CR. This theory should be explored in both labora‑
tory and clinical trials.

Our patient had a right‑sided tumor harboring wild‑type 
RAS. In their CORRELATE study, Ducreux et al (21) showed 
similar OS and PFS after regorafenib treatment between left‑ 
and right‑sided mCRC patients; however, Yoon et al (9) found 
that left‑sided primary tumors were associated with improved 
outcomes, including PFS, after treatment in their multivariate 
analysis (2.6 vs. 1.9 months, P=0.04). The role of the RAS 
mutation status remains controversial; in the CORRECT 
study, no relationship was detected between the KRAS muta‑
tion status and outcomes following regorafenib treatment, 
whereas in the REBECCA study, mutations were found to be 
a prognostic factor for poor survival (2,22). Further studies 
are essential to confirm whether these factors influence the 
outcomes of regorafenib treatment.

As suggested by Yoshino et al (4), we stopped regorafenib 
treatment after the 17th cycle due to the lack of remnant tumor 
evident on both CT and PET‑CT. Remarkably, the patient has 
not experienced recurrence 2 years since treatment cessation; 
no similar findings have been reported previously. Although 
the regorafenib dose had to be reduced due to palmar‑plantar 
erythrodysesthesia syndrome, there were no other severe side 
effects such as liver function deterioration or hypertension. 
Notably, the dose reduction did not appear to diminish the 
antitumor effect of regorafenib; however, further studies are 
needed for confirmation.

In summary, this case study suggests that the high muta‑
tional burden carried by MSI‑H tumor acts as a neoantigen 
in the innate immune system, and that regorafenib plays an 
additional role in enhancing tumor antigen recognition by 
immune cells. An increased vitamin D level via extensive 
sunlight exposure may also have encouraged cytotoxic T cell 
recruitment and activation to the tumor microenvironment. 
All of these factors appear to have contributed to the patient's 
CR. However, well‑designed preclinical and clinical studies 
are required to demonstrate the mechanism behind this 
response.

In conclusion, this case report presents the first patient with 
MSI‑H mCRC to achieve a CR to regorafenib treatment after 
failure of conventional palliative chemotherapy. The mecha‑
nism behind this response requires further evaluation in larger 
studies, to identify which mCRC patients are most likely to 
benefit from regorafenib.
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