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DNA Mismatch Repair Deficiency in Rectal Cancer:
Benchmarking Its Impact on Prognosis, Neoadjuvant

Response Prediction, and Clinical Cancer Genetics

Nicole de Rosa, Miguel A. Rodriguez-Bigas, George J. Chang, Jula Veerapong, Ester Borras, Sunil Krishnan,
Brian Bednarski, Craig A. Messick, John M. Skibber, Barry W. Feig, Patrick M. Lynch, Eduardo Vilar, and
Y. Nancy You

Purpose
DNA mismatch repair deficiency (dMMR) hallmarks consensus molecular subtype 1 of colorectal

cancer. It is being routinely tested, but little is known about dMMR rectal cancers. The efficacy of
novel treatment strategies cannot be established without benchmarking the outcomes of dAMMR
rectal cancer with current therapy. We aimed to delineate the impact of dAMMR on prognosis, the
predicted response to fluoropyrimidine-based neoadjuvant therapy, and implications of germline
alterations in the MMR genes in rectal cancer.

Methods

Between 1992 and 2012, 62 patients with dMMR rectal cancers underwent multimodality therapy.
Oncologic treatment and outcomes as well as clinical genetics work-up were examined. Overall and
rectal cancer—specific survival were calculated by the Kaplan-Meier method.

Results

The median age at diagnosis was 41 years. MMR deficiency was most commonly due to alterations
in MSHZ2 (53%) or MSH6 (23%). After a median follow-up of 6.8 years, the 5-year rectal cancer—
specific survival was 100% for stage | and Il, 85.1% for stage Ill, and 60.0% for stage IV disease.
Fluoropyrimidine-based neoadjuvant chemoradiation was associated with a complete pathologic
response rate of 27.6%. The extent of surgical resection was influenced by synchronous colonic
disease at presentation, tumor height, clinical stage, and pelvic radiation. An informed decision for
a limited resection focusing on proctectomy did not compromise overall survival. Five of the 11
(45.5%) deaths during follow-up were due to extracolorectal malignancies.

Conclusion

dMMR rectal cancer had excellent prognosis and pathologic response with current multimodality
therapy including an individualized surgical treatment plan. Identification of a dMMR rectal cancer
should trigger germline testing, followed by lifelong surveillance for both colorectal and extrac-
olorectal malignancies. We herein provide genotype-specific outcome benchmarks for comparison
with novel interventions.

J Clin Oncol 34:3039-3046. © 2016 by American Society of Clinical Oncology

a predicted poorer response to fluoropyrimidine-
based adjuvant therapy in colon cancer.”'’
Emerging evidence suggests that dAMMR can be

DNA mismatch repair (MMR) status is one of
the most well-established biomarkers in colorectal
cancer (CRC). The DNA MMR system helps
maintain genetic fidelity, and when defective, ge-
netic errors accumulate, leading to microsatellite
instability (MSI) and intestinal carcinogenesis."”
DNA MMR status is being increasingly tested uni-
versally for all CRCs.>” MMR deficiency (dAMMR)
has been associated with a favorable prognosis and

predictive of significant response and survival
gain from immune checkpoint (eg, programmed
cell death protein 1) inhibitors.'" Finally, finding
dMMR in CRC triggers the detection of a potential
heritable germline deficiency in MMR. Patients
with identifiable pathogenic mutations have Lynch
syndrome (LS), whereas those without have been
termed as having mutation-negative LS'>"? or
Lynch-like syndrome.'*'”
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Novel treatment trials are being rapidly developed for dAMMR
CRCs, using immunotherapy alone or in combination with con-
ventional therapy. However, the implications of dMMR status
remain undefined in rectal cancer. First, the prognosis for dAMMR
rectal cancer treated with conventional therapy has not been
benchmarked because of a paucity of long-term survival data for
dMMR rectal cancers specifically,'® despite evidence that colon
and rectal cancers may differ biologically.'” Second, the re-
sponse rate of AMMR rectal cancers to fluoropyrimidine-based
neoadjuvant therapy with radiation has not been established.'®
Third, key issues in clinical genetics and optimal management
of patients with rectal cancer with LS or mutation-negative LS
remain controversial.

We therefore aimed to determine the impact of AMMR status
on the long-term prognosis and the pathologic response rate to
standard multimodality therapy and to establish cornerstones of
clinical genetics care for patients with rectal cancers. Benchmarking
outcomes of AMMR rectal cancers with current therapeutic and
preventive strategies is a necessary first step to enable the devel-
opment of novel biomarker-driven treatment trials in the future.

Study Cohort

After approval from the University of Texas MD Anderson Can-
cer Center Institutional Review Board, the prospectively maintained
Colorectal Surgery and Gastrointestinal Genetic Counseling databases

were queried to identify patients (age > 18 years) with dMMR rectal
adenocarcinoma diagnosed between 1992 and 2012. Tumor MMR
testing was performed through a standardized institutional algorithm
at the Clinical Laboratory Improvement Amendments—certified Mo-
lecular Diagnostics Laboratory (Fig 1).'* Immunohistochemistry for
the MMR proteins MLH1, MSH2, MSH6, and PMS2 and polymerase
chain reaction-based MSI testing were performed on tumor and
adjacent normal tissue. Untreated tumor tissue was used whenever
possible. dMMR tumor genotype was defined as either MSI-high
(MSI-H; ie, > 30% of the standardized panel of markers showed
allelic shift) and/or loss of expression of at least one MMR protein
by immunohistochemistry.°

Clinicopathologic Data and Multimodality Treatments of
Rectal Cancer

Records were reviewed for demographics, clinicopathologic char-
acteristics, and treatments. Rectal cancer was considered the index CRC
if it was the first cancer in the colon or rectum. Clinical staging was
based on physical examination and computed tomography before 2004
and on endorectal ultrasound and/or pelvic magnetic resonance im-
aging more recently.

Surgical procedures were classified as segmental when the goal was
proctectomy for rectal cancer and the abdominal colon was mostly left
intact. Procedures were classified as extended when the abdominal colon
was removed in addition to proctectomy for rectal cancer. Transanal local
excision (LE) was classified separately (Table 1).

Pathologic assessment included the percentage of viable tumor
remaining after neoadjuvant therapy. Pathologic complete response (pCR)
was defined as no viable tumor cell in the surgical specimen (ie, ypTONO),
whereas downstaging was defined as a pathologic stage lower than the
clinical stage.

IHC of MLH1, MSH2, MSH6, PMS2
and/or
MSI testing
IHC with loss of expression of MLH1, MSH2, MSH6, or PMS2
and/or
MSI-high (> 30% standard marker panel showing allelic shift)
(N =62)
Loss of MLH1 Loss of MSH2, MSH6, PMS2
(6= el e Fig 1. A standardized algorithm for testing
| colorectal cancer for DNA mismatch repair
(MMR) status at University of Texas MD
MLH1 promoter hypermethylation Anderson Cancer Center was used in identi-
and/or BRAF mutation testing fying our study cohort of 62 patients with
MMR-deficiency rectal cancers. All clinical
| | testing has been updated to the current
Hypermethylation Wild tvoe Confirmatory MMR standarq of care.lIH(.Z, mnjgnohlstochemstry;
and/or mutation found YP germline mutation testing MSI, microsatellite instability.
(n=10)
(n=0) (n =62)
Pathogenic e .Of Uninformative Declined
n uncertain p q
mutation ST e negative testing
(n=42) (n=7) (n=38) (n=5)
Mutation-negative
e Lynch syndrome
syndrome "
(Lynch-like syndrome)
(n =42)
(n=15)
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Table 1. Patient and Tumor Characteristics Among 62 Patients With
MMR-Deficient Rectal Cancer

Characteristic No. of Patients (%)

Age at rectal cancer diagnosis, median (IQR), years 41 (35-54)
Sex
Male 32 (562)
Female 30 (48)
Race/ethnicity
White 51 (82)
Black 3 (5)
Hispanic 4 (6.5)
Asian 4 (6.5)
Rectal cancer presentation
Rectal cancer as index cancer 58 (93.5)
Synchronous high-risk colon lesion 12 (19.4)
Prior colon cancer 4 (6.4)

Tumor distance from anal verge, median (IQR), cm 7.5 (4.6-12)
Tumor histologic grade

Well differentiated 2 (3.2)
Moderately differentiated 53 (85.5)
Poorly differentiated 7 (11.3)
Mucinous tumor 38 (61.3)
Tumor-infiltrating lymphocytes 3 (4.8)
Clinical stage of rectal cancer at diagnosis
cT1-T2NO 17 (27.4)
cT3-4NO 14 (22.5)
cTanyN-positive 26 (41.9)
cTanyNanyM-positive 5
Surgical procedure* 59
Segmental 41 (69.5)
Low anterior resection 25
Coloanal anastomosis 5
Abdominal perineal resection/partial or total 11
pelvic exenteration
Extended 11 (18.6)
Near-TPC, ileo-low rectal anastomosis 4
TPC, IPAA 2
TPC, end ileostomy 5
Local excision 7(11.9)

Neoadjuvant therapy (fluorouracil and long-course
radiation)

30 (75% of 40 patients
with ¢T3 to 4 or
cN-positive)

Abbreviations: IPAA, ileal pouch anal anastomosis; IQR, interquartile range;
MMR, mismatch repair; TPC, total proctocolectomy.

*Three patients declined surgical resection because of: complete clinical re-
sponse to neoadjuvant therapy (one), metastatic progression (one), and con-
current lymphoma (one).

Clinical Genetics Germline Mutation Testing and Genetic Risk
Assessment

Patients with dMMR CRC and deficiency in MLHI underwent
secondary testing for MLHI promoter hypermethylation and/or BRAF
mutation (Fig 1).'® Patients with MLHI deficiency but no evidence of
promoter hypermethylation and/or BRAF mutation, as well as patients
with deficiency in MSH2, MSH6, and PMS2, underwent genetic
counseling for confirmatory germline mutation testing (Fig 1; Data
Supplement, Method). Cases with identified pathogenic mutations were
consistent with LS. Cases where germline test reported a variant of
unknown significance (VUS) on the basis of functionality assessment*'
using in silico tools**® or an uninformative negative result’” were
consistent with mutation-negative LS'>'? (Fig 1; Data Supplement,
Method). The three-generation pedigree collected by genetic counselors
was categorized as meeting Amsterdam I or II and revised Bethesda
criteria.”® We further quantified family history using the PREMM1,2,6
score, which was calculated by incorporating sex, diagnosis of CRC, and
endometrial and extracolorectal cancers in the proband and first- and
second-degree relatives.”

WWW.jco.org

Oncologic Follow-Up for Rectal Cancer and Surveillance for
Extracolorectal Malignancies

All (100%) patients were followed until their last contact or death
(Appendix Figure A1, online only). Vital status and cause of death were
obtained from medical records, tumor registry correspondence, or
death certificates. Minimum surveillance included semiannual labo-
ratory testing and annual thoracic, abdominal, and pelvic imaging.
Lower endoscopy was performed every 12 to 24 months. Additional
screening for gastric, genitourinary, skin, and endometrial cancers were
based on individual patient’s personal and family cancer history (Data
Supplement, Table).*

Statistical Analysis

Categorical data were described as number and percent and
continuous data as median and interquartile range (IQR). The primary
end points were overall survival (OS) and rectal cancer-specific survival
(RC-SS). Rectal cancer recurrence was defined as either local only (if
disease was present in the pelvis only) or distant (if disease was present
in extrapelvic organs). The Kaplan-Meier method was used to estimate
the survival outcomes. In addition, factors influencing the choice of
surgical procedures were identified using analysis of variance for
continuous and X for categorical variables. The incidence of meta-
chronous colonic adenoma with high-grade dysplasia (HGD) or car-
cinoma and the incidence of metachronous extracolorectal cancers were
tabulated. All statistical analyses were generated using SPSS Statistics 22
(Chicago, IL).

Patient and Tumor Characteristics

Sixty-two patients met our inclusion criteria. The median age
at diagnosis was 41 years (IQR, 35 to 54 years), with 48% being
women and 82% being white (Table 1). Rectal cancer was the index

Table 2. Personal History of Malignancies in Patients With MMR-Deficient
Rectal Cancers
Before Rectal Metachronous to Rectal
Cancer Type Cancer Cancer
Colon 4(6.4) 8 (16.7)*
Distal 1 7
Proximal 4 1
Extracolorectal 14 (22.6) 14 (22.6)
Endometrial 6 4
Urothelial/ 2 2
transitional
Small bowel 1 2
Gastric 1
Pancreatic 1
Sebaceous skin 1 1
Ependymal 1
Sarcoma 1 1
Lymphoma/ 2 1
leukemia
Breast 1
Sqguamous cell 2 5
skint
Cervix/vagina 1 1
Lung 1 2
Prostate 1
NOTE. Data presented as No. of patients (%).
Abbreviation: MMR, mismatch repair.
*Among 48 patients with remaining at-risk colon.
TEyelid, cheek, foot, thumb, scalp.

© 2016 by American Society of Clinical Oncology 3041


http://www.jco.org

de Rosa et al

'Sniels [eUA ‘SA ‘eus Buiolds ‘S uened 14 (Buibewep Alqissod ‘gsd ‘Buibewep Ajgeqoid ‘Qid (1BAWNH) zusydAjod

'Zdd ‘|esinau ‘o 10844 OU ‘JN ‘UOnEeINW ‘INA ‘osuassIw ‘S| ‘dn-moj|o4 ‘N4 ‘sisoubelp ‘xq ‘Buibewep ‘Q 1eoued ') ‘epsaylag ‘yiag ‘|| 10 | Wepisisuly ‘suly ‘els Buldljds Juelage ‘SSQY [OAlle Y (SUOIeIASIqQY

‘(Poyrs N ‘tuswe|ddng

eleq) Buibewep paloipaid |oAs| ulelold ay) 1e swelboid siow J0 oM} J0 Buroljds Jueiage paloipald sjeAs] YNY oyl 1e sueiboid omy 1o auo JiI olusboyied Ajaxi| se paljisseld aq Aew sjueleA 8yl ‘310N

1S v 8 SOA  ON OINZNV Lo BUON N 8% a a naN aN anN SN 9/98Ad  D<1009Z° 9HSW L
'8 \4 €ee SOA ON OWLNELD BWO0DJes081SO N 0€ d d asd SSav SSav SIN AvLLID  D<VOTETD  ZHSW 9
L'6 \4 g6l SOA ON ONONLLO |euiswopuy 2 o d d did 3N 3N SN Hap/Id  D<1vETTO  ZHSW <]
6 \4 8¢ SOA ON ONLNELS SUON El 14 d d did 3N 3N SN "//91'd  D<DO0€0Z0 CZHSW ¥
8Ll \4 9'8¢ S9A ON OWLNPLO uojo9 N 9€ d d did 3N 3N SN DO0LLYd 0<Vv8zed ZHSW ©
LG \4 VL SOA ON OWNONELS uojo) N (474 d d did SSav 3N SN "eg91d  9<I8G6L0  LHIW c
80l A €88 SOA  S8A  OWONYLO |el3swiopuy 4 59 a a aid aN aN SN 9.£3d  9<VOLLD  [HIAN L
(sieah)  SA 81003 yleg swy xQ 1e ebeig VD 1BYy10 PES (s1e0A) 0 ®1BL G NW-HLYHA  Zdd  ,zHodeolds  ,.eoidSNN A ebuey) abuey) susn 1
AE| 9'C' LINW3YHd XQ 1e 8by NN ursioid VNd
sisAjeuy uis1oid 0oIlIS U sishleuy YNY O91liS Ul

S|oAST UIS10Id pue WYNY 1B SISAjeuy 001IS Ul pue SONSLIS1oeIRYY) [BOIUID 19due) [e108Y JUBdNed-HIAIN UHAA SIUSIIEd Ul pa1osia( Souedlyl

IS UIBLISOUN JO SlueLBA g 3|qel

JOURNAL OF CLINICAL ONCOLOGY

© 2016 by American Society of Clinical Oncology

3042



Microsatellite Instability in Rectal Cancer

CRC in nearly all patients (58; 93.5%); four patients had five prior
colon cancers (Table 2). Twelve (19.4%) patients harbored a syn-
chronous colonic adenoma with HGD or cancer, and 14 (22.6%)
had 19 prior extracolorectal cancers (Table 2).

The majority of the rectal cancers were moderately differ-
entiated (85.5%) and mucin producing (61.3%; Table 1). The
median tumor distance from the anal verge was 7.5 cm (IQR, 4.6
to 12 cm). Forty patients (64.5%) presented with clinical stage II
(n=14) or III (n = 26) disease (Table 1). Five patients (8.1%) had
stage IV disease involving the liver (three), liver and ovary (one),
and soft tissue (one).

Molecular Testing and Clinical Genetic Risk Assessment

dMMR was most frequently due to defective MSH2 (33
patients, 53%), followed by MSH6 (14 patients, 23%), MLHI
(10 patients, 16%), and PMS2 (five patients, 8%). No patient
had evidence of MLHI promoter methylation or BRAF mutation
(Fig 1). Confirmatory MMR germline testing was completed in
57 patients (92%) and declined by five patients. Forty-two
patients (74%) had a pathogenic mutation. Seven patients
(12%) had a VUS and eight (14%) had uninformative negative
results (Fig 1). Table 3 illustrates the clinical characteristics of
VUS cases.

Nearly all patients (98%) met the revised Bethesda criteria,
but only 15% met Amsterdam I or II criteria. The median PREMM
1,2,6 score was 25.6 (IQR, 12.1 to 51.0), with 58 patients (94%)
having a PREMM1,2,6 score > 5%.

Response to Fluorouracil-Based Neoadjuvant
Chemoradiation in Locally Advanced Rectal Cancer
Among 40 patients with clinical stage II or III disease, 30
(75%) received neoadjuvant fluoropyrimidine-based chemo-
therapy and long-course pelvic radiation. Twenty-nine un-
derwent surgical resection (one patient with a complete clinical
response declined surgery). Eight (27.6%) patients had a pCR. All

remaining patients except one (n = 16; 55.5%) were downstaged.
The median percent of viable tumor cells was 10% (IQR, 0 to 50).

Surgical Treatment and Factors Associated With
Surgical Decisions

Overall, 59 (95.1%) patients underwent surgical resection of
curative intent: segmental in 41 (69.5%), extended in 11 (18.6%),
and LE in seven (11.9%; Table 1). LE was performed for clinical
T1NO rectal cancers (n = 6) and for complete clinical response after
neoadjuvant therapy (n = 1). The decision to perform extended
over segmental resections was associated with the presence of
synchronous high-risk colonic lesions at presentation (P < .001),
upper rectal cancer (median of 12 v 7 cm from the anal verge;
P = .004), earlier clinical stage (P = .002), and no need for
neoadjuvant radiation (P = .01; Table 4). Forty-one (66.1%)
patients received adjuvant chemotherapy.

Long-Term Prognosis and Metachronous Cancers

After a median follow-up of 6.8 years (IQR, 4.9 to 11.2), the
overall 5-year OS was 87% and RC-SS was 90.6% (Figs 2A and 2B).
The RC-SS differed by stage (P = .030; Fig 2C), with 5-year RC-SS
of 100% for stage I and II, 85.1% for stage III, and 60.0% for stage
IV. Disease recurred in 11 (18.6%) of the 59 patients who had
curative-intent resection, eight locally and three distantly. Multi-
modal salvage therapy including repeat resection was feasible in
nine patients.

At the last follow-up, 11 patients were deceased: six from rectal
cancer (median, 2.5 years). Five (45.5%) died of extracolorectal
cancers, including lymphoma (two), and urothelial cancer, tran-
sitional cell renal cancer, and duodenal cancer (one each) after 17.3
(median) years (Fig Al). Overall, 22 extracolorectal cancers de-
veloped in 14 (22.6%) patients (Table 2). Among the 48 patients
who had segmental resection or LE for rectal cancer, 12 (25%)
developed a metachronous colonic adenoma with HGD (four) or
cancer (eight) at a median of 7.8 years (IQR, 2.2 to 9.2 years).
Metachronous lesions were treated with: endoscopic mucosal

Table 4. Association Between Preoperative Clinical Factors and the Extent of Surgical Resection in Patients With MMR-Deficient Rectal Cancer
Segmental Extended
All Patients Undergoing Procedures Procedure Local Excision
Factor Resection (N = 59) (n =41; 69.5%) (n=11;18.6%) (n=7;11.9%) P

Age at rectal cancer diagnosis (median), years 41 40 44 56 .047
Sex, female 28 (47.5) 20 (48.8) 3(27.3) 5 (71.4) 179
Rectal cancer presentation

Index and only cancer 55 (93.2) 40 (97.5) 10 (90.9) 5 (71.4) .037

Index, with synchronous colonic HGD or adenocarcinoma 12 (20.3) 4 9.7 7 (63.6) 1(17.3) < .001

Metachronous to a prior colon cancer 3 (5.1) 3(7.3) 0 (0) 0 (0) .500
Rectal cancer distance from anal verge (median), cm 7 7 12 2 .004
Clinical stage of rectal cancer .002

cT1-2NO 15 (25.4) 5(12.2) 4 (36.4) 6 (85.7)

cT3-4NO 13 (22.0) 10 (24.4) 3(27.3) 0 (0)

cTanyN-positive 26 (44.1) 22 (53.7) 3(27.3) 1(14.3)

cTanyNanyM-positive 4 (6.8) 4(9.7) 0 (0) 0 (0)
Neoadjuvant chemoradiation 33 (55.9) 28 (68.3) 4 (36.4) 1(14.3) .010
Multivisceral resection 17 (28.8) 13 (31.7) 4 (36.4) 0 (0) 191
Pathogenic germline MMR mutation identified 39 (66.1) 27 (65.9) 8(72.7) 4 (57.1) 792
NOTE. Data presented as No. (%).
Abbreviations: HGD, high-grade dysplasia; MMR, mismatch repair.
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Fig 2. (A) Overall survival, (B) rectal cancer-specific survival, and (C) stage-
stratified rectal cancer—specific survival.

resection (four), completion total proctocolectomy with end
ileostomy (four), right hemicolectomy (three), and palliation only
(one). There was no detectable difference in OS between the
patients who underwent segmental versus extended procedures for
their rectal cancer (5-year OS, 88.2 v 100%; P = .40).

3044 © 2016 by American Society of Clinical Oncology

Although universal testing of MMR for CRC has increased,*”'" the
recent potential for novel immunotherapies to revolutionize the
treatment of AIMMR tumors has further sparked the need for MMR
testing. In this largest clinical series of patients with AMMR rectal
cancer reported to date to our knowledge, we established that
current multimodality treatment provided a potential for cure in
stage I and II disease and 5-year survival rates of 85.1% and 60%
for stage III and IV disease, respectively. For locally advanced
disease, fluoropyrimidine-based neoadjuvant chemoradiation was
associated with a 27.6% pCR rate. Finally, all IMMR rectal cancers
in our study were hereditary (related to either LS or mutation-
negative LS). The extent of surgical resection was influenced by the
location and clinical stage of the rectal cancer as well as age and
synchronous colonic lesions at presentation, but choice of oper-
ation did not influence survival. Taken together, these data provide
benchmarks for expected prognosis and neoadjuvant response
rates with standard curative-intent therapy and highlight the key
issues for clinical genetics care.

The long-term prognosis of dMMR rectal cancers with
curative-intent therapy has not been established to date. Prior
studies have been conflicting: one reported 5-year OS of 50% for 22
MSI-H rectal cancers,” and another reported 3-year disease-free
survival of 90% for 20 MSI-H rectal cancers.'® The Colon Cancer
Family Registry reported 5-year OS of 83% for 37 MSI-H rectal
cancers, but the prognosis was not stage stratified.”> Among our 62
patients, we observed an outstanding prognosis at all stages when
compared with contemporaneous institutional data of MMR-
proficient CRCs: 5-year recurrence-free survival of 70% for locally
advanced rectal cancer” and 5-year OS of 50% for metastatic
CRC.’* The absence of concurrent BRAF mutation in our cohort
likely contributed to the excellent outcomes.’ Thus, an aggressive
approach in the event of disease recurrence and/or metachronous
CRC as we have taken herein seems warranted. Importantly, AIMMR
CRCs induce formation of antigens, immune mediators, and cytotoxic
lymphocytes, perhaps contributing to the favorable outcomes and
highlighting the potential for treatment response to emerging im-
munotherapy strategies.'' The prognosis associated with standard
therapy provides a benchmark for novel immune-based therapeutic
strategies in these tumors.

Despite the general agreement that dMMR predicts poor
response to adjuvant fluropyrimidine,'? its impact on response to
fluoropyrimidine given with neoadjuvant radiation is controver-
sial.'® Radiation response, available only in small series with little
clinical detail, has been heterogeneously defined and has ranged
between 0% and 60%."**°" To our knowledge, our series of 29
patients with dMMR rectal cancer who underwent surgery after
neoadjuvant chemoradiation constitutes the largest series to date.
The observed pathologic response was excellent and compared
favorably to a pCR rate of 18% and a downstaging rate of 47%
among patients without LS treated with neoadjuvant chemo-
radiation.” MMR system proteins play multiple roles in the cel-
lular DNA damage response pathway and mediate the switch
between cell-cycle progression and cell death, depending on DNA
integrity.” Thus, fluoropyrimidine as a radio-sensitizing agent for
dMMR rectal cancer seems to be associated with favorable

JOURNAL OF CLINICAL ONCOLOGY



Microsatellite Instability in Rectal Cancer

pathologic response. However, the potential for combination or
sequential treatment approaches incorporating novel immuno-
therapy remains to be determined.

In our study, once dMMR is identified in a rectal cancer, the
probability of identifying a pathogenic germline mutation was
high at 74%, and the predicted probability on the basis of the
PREMM model was 94%. Patients with dMMR rectal cancer
exhibited deficiency in the MSH2/MSH6 complex most fre-
quently. These MMR genes have been associated with higher
incidences of extracolorectal cancers’: 22.6% of our cohort indeed
developed and 45% of the mortalities arose from extracolorectal
cancers. Thus, multiorgan cancer surveillance is critically im-
portant. Furthermore, a high incidence of family history of rectal
cancer had been observed,'®*’ and identifying a germline mu-
tation in the proband enables predictive testing of all blood
relatives. Thus, whenever a dMMR rectal cancer is identified,
confirmatory germline testing should be pursued, either through
direct testing of MMR genes®® or as part of a multiplex gene
panel.” Enrollment in specialized registries such as our Familial
High-Risk Gastrointestinal Cancer Clinic can facilitate their long-
term care (Data Supplement).>*!

The extent of surgical resection for dMMR rectal cancers
associated with LS is controversial. Achieving best oncologic
outcome is balanced by competing risks from metachronous colon
and extracolorectal cancers and preservation of sphincter function
and quality of life.*>** Our surgical decision making considered
disease presentation (synchronous colonic lesions), tumor height,
clinical stage, and need for pelvic radiation. The high proportion of
patients (69.5%) undergoing segmental resections likely reflected
the many patients needing pelvic radiation and/or multivisceral
resection, where an ileal pouch—anal anastomosis may be tech-
nically difficult and result in uncertain functional outcomes.*>**
More extended resections were more willingly performed for an
upper rectal cancer where an ileo—low rectal anastomosis might be
feasible. Other factors were synchronous colon lesions and early-
stage rectal cancer in younger patients with long life expectancy.
The risk of metachronous colon cancer has been reported*®*>*” as
19% at 10 years up to 69% at 30 years among 79 mutation carriers,"”
with one report of a six-fold increase in mortality risk with de-
veloping a metachronous cancer.*’ We observed eight metachronous
colon cancers (16.7%) among 48 patients who had segmental re-
section after 7.8 years but detected no significant survival difference
on the basis of the extent of resection. Thus, our data support an
individualized approach to surgical management accounting for
synchronous colonic lesions at rectal cancer diagnosis, tumor location
and stage, and the need for neoadjuvant radiation. An informed
decision to pursue segmental resection can lead to excellent long-
term oncologic outcomes when patients are carefully followed.

Our study includes the largest molecularly characterized and
clinically annotated cohort of patients with dMMR rectal cancer to
our knowledge but it remains limited by tertiary-referral bias and its
retrospective nature. Despite our median follow-up of 6.8 years
(IQR, 4.9 to 11.2 years), late relapse or deaths could have remained
uncaptured. Furthermore, five patients (8%) had declined germline
testing, and surveillance of extracolorectal malignancies was not
prospectively standardized. These variations may influence the
prognostic outcomes reported herein. Finally, factors that likely
contributed to the decision to perform segmental versus extended
resections were only determined retrospectively, and we did not
have direct data documenting patient preferences influencing
the decision.

In conclusion, dMMR rectal cancer is a genetically defined
subclass of CRC facing the potential for revolutionized care with
novel immunotherapeutic approaches, but the prognostic and
predictive implications of dMMR had not been specifically
established to date. We herein benchmarked the expected stage-
specific prognosis and response rates of AMMR rectal cancers after
standard curative-intent multimodality therapy with neoadjuvant
single-agent fluoropyrimidine. Key issues for clinical genetics care
include confirmatory germline testing, individualized surgical
decision making, and institution of a lifelong multiorgan sur-
veillance program. By bridging the previous knowledge gaps, the
efficacy of novel therapy and preventive efforts for patients with
dMMR rectal cancer can be accurately assessed and improved.
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Fig A1. The length of follow-up for 62 patients with mismatch repair-deficient rectal cancer. The follow-up was > 5 years in the majority of the patients, with a median
follow-up of 7.0 years (interquartile ratio, 5.0 to 11.1 years) among 51 alive patients (gold bars), and 3.5 years (interquartile ratio, 1.9 to 12.4 years) among 11 deceased
patients (blue bars).
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