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Abstract

In the era of personalized medicine, systemic treatment with chemotherapy in combination
with targeted drugs, tailored according to RAS and BRAF status, has improved the survival of
patients with metastatic colorectal cancer (mCRC), but curative resection of metastases pro-
vides the only chance of cure. Here, we present a 40-year-old male with rectal adenocarcinoma
and multiple bilateral synchronous liver metastases who has achieved long-term remission
with multimodal treatment without resection of all metastatic lesions. This case emphasizes
the need of repeated multidisciplinary team assessments and change of treatment intent if
extraordinary responses are seen. The initial therapy consisted of short-course radiotherapy
and surgery of the primary tumor followed by oxaliplatin-based combination chemotherapy
and panitumumab with disease control intent. A complete radiologic response in >20 liver
metastases in segments II-VIIl was obtained. A biopsy-verified relapse of 3 liver metastases
occurred at 9 months of treatment pause. Subsequently, major liver resection of 8 lesions was
performed (4 with adenocarcinoma and 4 with cicatrix showing the challenge of disappearing
lesions), followed by 6 months of adjuvant-like therapy. No relapse in MR, PET, or CT has been
noted since liver resection 6 years ago. Comprehensive genomic profiling of the primary tumor
and liver metastases had similar driver mutations representing a low level of gene alteration
and low diversity, possibly explaining the exceptional treatment response.
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Introduction

Colorectal cancer (CRC) is the fourth most common cancer and the second cause of cancer
deaths worldwide [1]. The most common site of metastases in CRC is the liver [2]. Approxi-
mately, 15-30% of rectal cancer patients either have liver metastases at the time of diagnosis
or develop liver metastases during the course of the disease, and approximately 70% of meta-
static CRCs (mCRC) have liver metastases. Over the last decades, the treatment of mCRC has
evolved with improved median overall survival (0S) [3, 4].

The standard treatment for mCRC involves chemotherapy based on fluoropyrimidines in
combination with oxaliplatin and/or irinotecan. Cytotoxics are often combined and used
sequentially [5]. A combination of chemotherapy with biologic agents targeting either vascular
endothelial growth factor or epidermal growth factor receptor (EGFR) has become a part of
routine, in the first-line therapy. These combinations have improved response rates,
progression-free survival, and OS [3, 4, 6-8].

In selected patients, metastasectomy can be included in the treatment of mCRC; the
resection of liver metastases in particular can improve relapse-free survival and OS and can
offer a possibility for cure in more than one-third [5, 9, 10]. Treatment of the primary rectal
cancer with synchronous, potentially resectable metastases is challenging [9]. The traditional
way of treating the primary cancer first has been challenged, and multidisciplinary team
assessment is mandatory, upfront in those cases where a liver-first approach might be a
better option. Local therapy for advanced rectal primary tumors includes preoperative short-
course radiotherapy to improve local control and in inoperable cases chemoradiation instead.

CRC, like any other type of cancer, is a complex disease with significant molecular differ-
ences that affect the carcinogenesis, prognosis, and choice and response of treatments. Large,
deep-sequencing studies have revealed common genetic mutations that are involved in
several signaling pathways (WNT, RAS-MAPK, PI3K, TGF-B, P53, and DNA mismatch-repair
pathways) and associated with the initiation and progression of CRCs [11, 12]. Clinically, the
most important biomarker is the presence or absence of RAS mutations. Mutations in RAS
result in the downstream activation of the RAS-mitogen-activated protein kinase (MAPK) or
PI3K pathways, which is further connected to the resistance to anti-EGFR therapy [11]. Deter-
mination of KRAS, NRAS, and BRAF mutations and microsatellite instability status (MSI-H) is
part of routine clinical practice at initiation of treatment for mCRC [5], where the prevalence
of KRAS is shown to be around 45%, NRAS 5%, BRAF 4-21%, and MSI-H 3-7% [13-15].

The use of panitumumab and cetuximab, anti-EGFR antibodies, has resulted in earlier
tumor shrinkage and better responses for RAS and BRAF wild-type mCRC. Here, we present
a case of metastatic rectal adenocarcinoma in a 40-year-old male who responded to panitu-
mumab and oxaliplatin-based treatment in a clinically important manner, giving him a chance
of cure with multimodality treatment.

Case Report

A 40-year-old man, who had hemorrhoids but was otherwise healthy with ECOG perfor-
mance status 0, contacted a physician due to frequent bowel movements and bloody stools.
He had no family history of cancer. Colonoscopy was performed in September 2013, and alow
rectal tumor was noted and biopsied, without further findings in the colon. Pelvic MRI showed
a T3a low rectal tumor, and lymph nodes status was N2. Whole-body CT scan showed 2
nonspecific liver lesions, but MRI revealed >10 metastatic nodules of 9 mm in segments II, III,
IV, VI, VII, and VIII. Tumor markers CEA and CA19-9 were within the reference range (<4.7
ug/L and <27 kU/L, respectively).
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On local MDT assessment, a decision of a short-course preoperative radiotherapy (5 x 5
Gy) with immediate surgery of the symptomatic primary followed by systemic therapy was
made. The patient received the short-course preoperative radiotherapy after which a lapa-
roscopy-assisted abdominoperineal resection was performed in October 2013. On postop-
erative day 7, acute ileus was noted, and an explorative laparotomy was performed, in which
a hematoma was evacuated, and the intestines were decompressed. According to the patho-
logical report, a pT2a (3 cm) adenocarcinoma grade 3 was noted with N2b (11 out of 12
lymph nodes positive) with good margins and complete mesorectal fascia. Lymphaticinvasion
was noted, but not perineural or vascular invasion. The stage was thus IVa, with unresectable
multiple synchronous liver metastases.

After surgery, an MRI was performed in November 2013 revealing at least 23 metastases
of 11 mm in segments 11, I1], IV, V, VI, VII, and VIII, without signs of intrahepatic cholestasis.
Liver function tests were within the reference range for transaminases, bilirubin, and albumin,
and elevated grade 1 for alkaline phosphatase. Hemoglobin, leukocytes, and thrombocytes
were within the reference range, and C-reactive protein was 16 mg/L, that is, mildly elevated.
Liver metastases were unresectable according to centralized liver MDT, and systemic therapy
was recommended. Disease control intent chemotherapy was commenced with 3 weekly
CAPOX (capecitabine 1000 mg/m? twice a day on days 1-15 and oxaliplatin 130 mg/m? on
day 1). Molecular testing for KRAS and NRAS was requested before chemotherapy initiation,
and results were available within a month showing wild-type RAS status (BRAF was not
routinely tested in 2013); and 3 weekly panitumumab 9 mg/kg was added to CAPOX (as infu-
sional 5-fluorouracil-FOLFOX was not used at the institution at that time). On the third
infusion of oxaliplatin, an anaphylactic reaction, with seizures, muscle cramps, shortness of
breath, and pain in the chest, occurred. In subsequent cycles, oxaliplatin was omitted, and no
allergic reactions re-appeared. After 2 cycles in January 2014, a partial response was noted,
and in March 2014, a CR in the >20 liver metastases was seen. Furthermore, 4 cycles as
consolidation were given in July 2014 when treatment was paused. Intensive radiologic
follow-up was continued 2-3 monthly with continued CR.

In March 2015, 9 months after pausing treatment, a relapse with 3 metastases of 14 mm
in the liver was observed on MRI. CEA was elevated to 5.1 pg/L having been within the
reference range before (<4.7 pg/L),but CA19-9 was still within the reference range (<27kU/L).
A liver biopsy confirmed adenocarcinoma of rectal origin. Re-challenge of 1 cycle of panitu-
mumab-capecitabine was started as neoadjuvant. The patient was referred to liver MDT, and
relapses were resectable.

Inlate April 2015, liver resection at the tertiary liver center at Helsinki University Hospital
was performed, with nonanatomical liver resections of segments IVB, V, and VIII for 8 metas-
tases visualized in perioperative ultrasound. Four metastases with adenocarcinoma were RO
resected with minimal margins of 3-20 mm and a vitality of 90-100%, and 4 showed only
fibrosis (cicatrix) in pathology.

Adjuvant-like treatment with panitumumab-capecitabine was given for 6 cycles up to
September 2015. Positron emission tomography (PET/CT) was done in February 2016
without any signs of abnormal activity. Follow-up with alternating MRI and CT is still ongoing,
and no signs of relapse have been observed with last follow-up in January 2021 (Fig. 1). CEA
and CA19-9 have been within the reference range during follow-up. All the given treatments
are presented in Table 1.

The genetic profiles of the original tumor and of the liver metastases (after first-line
treatment with panitumumab, oxaliplatin, and fluoropyrimidine) at relapse 17 months later
were analyzed with FoundationOne CDx™ (F1CDx), which is a next-generation sequencing-
based in vitro diagnostic for tissue [11]. The results verified that both the primary tumor and
liver metastases after treatment were still KRAS, NRAS, and BRAF wild type and thus eligible
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Fig. 1. Abdominal scans demonstrating liver metastases. In September 2013, metastases were found in the
liver, as shown in the CT scan (panel a). A complete radiologic response was noted in March 2015 as verified
with MRI in September 2014 (panel b). In March 2015, relapse in the liver was noted on MRI (panel c). During
follow-up in January 2021, there were no signs of metastasis in the liver according to the CT scan (panel d).

for panitumumab treatment. The most common mutations for secondary anti-EGFR resis-
tance are emerging RAS mutations. Furthermore, none of the sporadic mutations, such as APC
and TP53, found were clinically significant in the perspective of treatment decision or hered-
itary cancer, nor could they explain the exceptional treatment response, with long-term
complete response in nonresected liver metastases. In addition, the patient was microsat-
ellite stable and TMB-low (4 Muts/Mb), and thus had no Lynch syndrome, reflecting the
chemotherapy-sensitive nature of the cancer. The mutations in the primary tumor and the
metastases are presented in Table 2.

Discussions

This case demonstrates the effectiveness of using tailored treatment with systemic
therapy in combination with radiotherapy and surgery of primary and liver metastases in an
attempt to reach long-term remission and possibly cure. Here, of particular interest is the
exceptional long-term CR to nonconventional capecitabine-based chemotherapy with an
anti-EGFR antibody (panitumumab) and oxaliplatin until anaphylaxis, with a CR lasting >5
years. The COIN study shows higher responses, but no progression-free survival or OS benefit
of adding cetuximab to CAPOX with low CR rates and short response duration [16]. Second,
in the new-EPOC study, harm was noted when cetuximab was added to neoadjuvant and
adjuvant CAPOX or FOLFOX in combination with liver resection [17]. This benefit on study
level does not preclude exceptional responsesin individuals. As well, it was found that approx-
imately 1 of every 200 patients appears to have been potentially cured of mCRC by systemic
therapy alone [18].

Recent insights into tumor heterogeneity allow a shift in the treatment paradigm
predicting the response [19]. In this case, the primary tumor and liver metastases had similar
driver mutations representing a low level of gene alteration and low diversity (only addition
of BRCA2 and MYC in liver metastases after treatment), possibly explaining the exceptional
treatment response.
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Table 1. Details of the treatments given to the patient

Month Year Treatment Notice

10 2013 Primary and synchronous liver metastases - MDT

Local treatment
10 2013 Short-course radiotherapy — abdominoperineal resection
11 2013 Verification and progression of 23 liver metastases - MDT

Disease control chemotherapy

11-12 2013 Capecitabine and oxaliplatin (CAPOX) x2, PR KRAS, NRAS wild type
1 2014 Panitumumab added to CAPOX x1 Anaphylactic reaction
of oxaliplatin
1-7 2014 Panitumumab and capecitabine x7, CR x2
Follow-up in CR
8 2014-2015 Regular follow-up with CT/MR], clinical examination and
2 laboratory tests including tumor markers

Liver resection and adjuvant-like therapy

3 2015 Biopsy-verified relapse of 3 liver metastases - MDT
4 2015 Neoadjuvant panitumumab and capecitabine x1

4 2015 Liver resection (8 lesions) - MDT

5-9 2015 Adjuvant-like panitumumab and capecitabine x6

Follow-up after resection/CR

10 2015-2021 Regular follow-up with CT/MR], clinical examination and
1 laboratory tests including tumor markers

CAPOX, capecitabine and oxaliplatin; MDT, Multidisciplinary Team assessment; PR, partial response
according to RECIST 1.1; CR, complete response according to RECIST 1.1.

Table 2. Mutations found in the primary tumor and

Primary tumor Liver metastasis
resected liver metastases

FBXW7 Q95* FBXW7 Q95*

APC S1411 fs*4 APC S1411 fs*4

BCL2L1 amplification BCL2L1 amplification

FAM123B R641*
TP53 S313 fs*32

MS-stable
TMB-low

FAM123B R641*
TP53 S313 fs*32
BRCA2 F1427 fs*11
MYC

MS-stable
TMB-low

There is no consensus on liver resection of disappearing lesions, but cure or long-
term remission is rare (17%) [9, 20]. With at least 23 lesions in all but segment I, the
patient was unresectable initially, and resection of all regions with tumor initially was impos-
sible. The exceptional response to systemic treatment enabled resection of re-occurring liver
lesions. Here, a high vitality of 90-100% in the 4 metastases even after 1 cycle of neoad-
juvant treatment was noted, with fibrosis in the rest of the resected ones, implicating
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impaired prognosis [21]. Thus, the patient would probably not have achieved a long-term
remission with systemic therapy alone, without resection of the aggressive re-occurring
lesions.

Intensive follow-up is very important in cases like this, and MRI is clearly better than
CT in this case, as seen initially with 2 lesions on CT and >20 on MRI [22]. Tumor markers
are not sensitive nor specific enough for detecting remaining cancer and are negative in
20-40% of cases, that is, this case has had marginally elevated CEA only once [23]. Confir-
mation of CR was obtained by following the patient for nearly 6 years after liver resection
and for >5 years from stopping adjuvant therapy without any detectable signs of cancer.
Thus, with long-term remission from multimodality treatment, the patient has a chance for
cure.

The optimal use of the multimodality therapy arsenal in rectal cancer with synchronous
metastases needs to be coordinated at MDTs at diagnosis and repeatedly during the
treatment course. This is emphasized by this case in which tailored nonconventional
treatments give long-term remission. The MDT assessments need clear processes and
good timely logistics, especially between local hospitals and tertiary centers. This patient
participated in the national multicenter MDT assessment study (RAXO), where repeated
resectability assessment was centrally coordinated optimizing treatment delivery [24,
25].

Conclusions

We conclude that rectal cancer with liver metastasis can occasionally be cured with
multimodality treatment. Molecular pathology should be performed upfront to guide
treatment decisions. Larger genomic profiling can be performed on tumor tissue prior to
any treatments and from a later time point after systemic therapy to tailor systemic
treatment and exceptional re-challenge options according to the evidence of resistance.
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