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Abstract

Objective: The relationship between microsatellite instability (MSI) and response to neoadjuvant
chemoradiation in rectal cancer is not well understood.

Background: We utilized the National Cancer Database (NCDB) to investigate the association
between MSI and pathologic complete response (pCR) in this patient population.

Methods: We analyzed 5086 patients between 2010 and 2015 with locally advanced rectal cancer
who were tested for MSI and treated definitively with chemoradiation followed by surgery.
Primary comparison groups were between 4450 MSI-negative(-) and 636 MSI-positive(+)
patients. Multivariable regression analysis was conducted to identify demographic, therapeutic,
and clinical characteristics predictive of pCR. Cox proportional-hazard ratios were used for
survival.

Results: All patients were treated with definitive chemoradiation (median dose 50.4 Gy)
followed by resection within 4 months. MSI(+) patients were associated with earlier year of
diagnosis and higher-grade tumors (P< 0.05). The overall pCR rate was 8.6%, including 8.9% for
MSI(-) and 5.9% for MSI(+) tumors (P= 0.01). Along with lower T stage, MSI(+) cases were
significantly associated with a reduced pCR rate (odds ratio 0.65, 95% confidence interval 0.43—
0.96) with multivariable analysis. The 5-year survival for patients with pCR was 93% compared
with 73% without it (<0.001).

Conclusion: Microsatellite instability was independently associated with a reduction in pCR for
locally advanced rectal cancer after neoadjuvant chemoradiation in this NCDB-based analysis.
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Of growing interest in the modern management of rectal cancer, the molecular profiling of
tumors is an emerging trend in cancer care that aids clinicians both prognostically and
therapeutically. Microsatellite instability (MSI) or mismatch repair testing is now
recommended for all patients with a history of colorectal cancer, as per the National
Comprehensive Cancer Network (NCCN) guidelines.t An estimated 15% of colorectal
patients develop an accumulation of DNA abnormalities (microsatellites) in the genome due
to defects in mismatch repair, leaving cells vulnerable to mutations—a phenomenon known
as MSI.2-4 A tumor is labeled MSI-high (MSI-H) when at least 40% microsatellite loci are
affected by instability, and MSI-low (MSI-L) if less than 40% are.® Currently, most centers
simply report whether a tumor tests positive or negative for MSI via immunohistochemical
staining.6

Routine MSI testing in colorectal cancer is not universally performed, but it is increasing as
clinicians can use results to help dictate management.’ For instance, early-stage
adenocarcinomas of the colon testing positive for MSI carry a favorable prognosis and
therefore do not require adjuvant chemotherapy. Some suggest that these tumors are more
prone to 5-fluorouracil resistance, although this is controversial .82 Conversely, MSI-positive
rectal cancers have been linked to a poorer prognosis for reasons not currently understood.19

While there is established evidence regarding the effect of MSI on response to chemotherapy
and overall prognosis, there is a paucity of data evaluating the association between MSI,
radiosensitivity, and pathologic response to treatment. Because neoadjuvant chemoradiation
and resection is the gold standard in locally advanced disease, and because nonoperative
management of rectal cancer is gaining popularity, such information may prove to be
valuable.1 Furthermore, pathologic complete response (pCR) is a known predictor of
improved survival.12 We therefore utilized the National Cancer Database (NCDB) to analyze
the association between MSI and pCR rate in locally advanced adenocarcinoma of the
rectum treated definitively with chemoradiation and resection.

METHODS

The NCDB is a tumor registry jointly managed by the American Cancer Society and
American College of Surgeons, providing the de-identified data used in this institutional
board review-exempt study. The database comprises of approximately 70% of cancer cases
in the United States from over 1500 hospitals accredited by the Commission on Cancer.13
We queried the database to identify rectal cancers tested for MSI between the years 2004
and 2015, though MSI testing has only been performed since 2010. A complete consolidated
standards of reporting trials (CONSORT) diagram depicting the selection process is outlined
on Fig. 1.
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Ultimately, 5086 patients with locally advanced adenocarcinoma of the rectum, tested for
MSI, and treated with neoadjuvant chemoradiation followed by resection with known
pathologic staging were eligible for final analysis. Patients were either MSI(-) (stable), or
MSI(+), and within the MSI(+) group they were either MSI-H, MSI-L, or MSI-NOS (not
otherwise specified). Of note, because almost half of the MSI(+) cases reported no
distinction between MSI-H and MSI-L, the 2 main comparison groups were simply MSI(-)
and MSI(+), although subset analyses were conducted with MSI-H/MSI-L populations as
well.

Stage was defined clinically as per the American Joint Committee on Cancer’s 7th edition
staging for rectal cancer. Comorbidity was quantified using the Charlson-Deyo comorbidity
index, and socioeconomic data were provided as quartiles of median household income.
Locations were assigned in accordance with the US Department of Agriculture Economic
Research Service, and facility type was assigned as per Commission on Cancer
Accreditation Category.

Statistical analysis was performed via SPSS version 20. Summary statistics were reported
for discrete variables, and chi-square tests were used to compare demographic, clinical, and
treatment characteristics between the MSI(-) and MSI(+) groups. Bivariate logistic
regression models were used to assess the association between independent variables of
interest and MSI status. Multivariable logistic regression models were used to detect
associations between the aforementioned characteristics and pCR. Factors significant on
univariate analysis were entered in a hierarchical fashion using forward selection of the
covariates’ likelihood ratios, and for confirmation, the same results were obtained using a
stepwise backward elimination procedure. Adjusted odds ratios (ORs) and 95% confidence
interval (Cls) are reported, with a = 0.05 used to indicate statistical significance.

Because of the size discrepancy between the MSI(-) and MSI(+) cohorts, a propensity score
analysis was utilized to account for a potential lack of balance between the 2 groups.14
Propensity scores were calculated by multivariable logistic regression to provide a score
reflecting the conditional probability of testing negative or positive for MSI. The propensity
model included observable variables significantly associated with MSI selection on
multivariable logistic regression, including race, education, year, and T stage. Cases with
missing data were dropped from the propensity score model and only variables with <5%
missing data were included. We then created a pseudo population using the conditional
probabilities with a distribution of confounding variables in each dose-group arm that was
identical to the entire cohort. Subsequently, we constructed a multivariable logistic
regression model for pCR, adjusting for propensity score.® To avoid overcorrection, only
factors significant on univariable logistic regression not included in the propensity score
were included in the propensity-adjusted model. To strengthen the assumption of balance
between groups, the propensity-adjusted score was validated by stratification into propensity
score-based quintiles, which demonstrated that standardized difference between the
treatment groups was less than 0.10.15 To further validate the propensity-matched analysis,
we also performed a case-control matching procedure to randomly match cases and controls
based on the aforementioned demographic and disease-related characteristics among the
MSI(-) and MSI(+) cohorts. This also allowed us to incorporate grade, which was
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significantly associated with MSI selection, but had to be excluded from the propensity
score model due to a high proportion of missing data (11.6%). The matched cases were then
once again entered into a multivariable regression analysis for pCR. Overall survival (OS)
was calculated from the date of diagnosis to the date of last contact or death using Kaplan-
Meier curves to present the cumulative probability of survival, and log-rank statistics to
assess statistical significance between groups. A Cox proportional-hazards model was used
for multivariable survival analysis. Note that for survival analysis 1184 patients were
excluded for no known followup, though survival was not the major endpoint of this study.

Patient Characteristics

Baseline characteristics for this patient population are depicted in Table 1. Briefly, the
median age was 59 years with a Caucasian (86%) and male (61%) predominance. The vast
majority of patients had T3 tumors (85%) or node-positive disease (59%). There were no
missing data for preoperative radiation dose, which exhibited very minor variability—67%
receiving 50.4 Gy, 12% receiving 45 Gy, and 7% receiving 54 Gy (interquartile range 50.4—
50.4 Gy). All patients had concurrent chemotherapy, 56% with single agent and 41% with 2
agents. All patients received definitive surgical resection, including a total of 228 (5%) total
proctocolectomies in the MSI(=) group and 51 (8%) in the MSI(+) group. The number of
patients with MSI testing increased from year to year, as the total cohort includes 486
patients diagnosed in 2010 compared with 1185 patients in 2015. Among the 5086 patients
tested, 87% (n = 4046) were MSI(-) and 13% (n = 636) were MSI(+), of which 135 cases
were MSI-H, 210 cases were MSI-L, and 291 cases were not otherwise specified. Potential
demographic and clinical covariates were well-balanced between MSI(-) and MSI(+)
patients, with few exceptions: cases diagnosed between 2010 and 2011 were more likely to
test MSI(+) relative to 2012 to 2015, and the small portion of high-grade/T4 lesions were
also associated with MSI(+) (Table 2).

Response to Neoadjuvant Therapy

After neoadjuvant chemoradiation, the proportion of pathologic T1/T2, T3, and T4 lesions
were 24%, 47%, and 5% compared with 6%, 85%, and 9% clinically staged T1/T2, T3, and
T4 lesions before treatment. Node positivity decreased from 59% to 35% after
chemoradiation. Tumor down-staging and nodal sterilization occurred in 50.2% and 57% of
cases, respectively. pCR was achieved in 437 cases (8.6%), with an 8.9% rate among MSI(-)
patients and 5.9% rate for MSI(+) patients (OR 0.65, £=0.01).With propensity score-
matched univariable and multivariable regression analysis, MSI(+) patients remained an
independent predictor of reduced pathologic complete response (OR 0.65, 95% CI 0.43-
0.96). Higher income, more recent year of diagnosis, and lower T stage were also all
independently associated with increased pCR (Table 3). Secondary analysis with case-
control matching further corroborated our findings, with MSI(+) tumors proving to be the
lone predictor of reduced pCR (OR 0.57, 95% CI 0.35-0.91), although year of diagnosis in
2014 to 2015 trended with increased pCR (OR 1.86, 95% CI 0.98-3.56). None of the
following variables demonstrated an association with pCR with either univariable or
multivariable analysis: sex, age, race, comorbidity score, insurance, facility, education,
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distance from facility, environment (urban/metropolitan/rural), N stage, grade, dose, use of
doublet (instead of singlet chemotherapy), or timing from chemoradiation to surgery.

The median follow-up for all patients was 31 months, with 3 and 5-year survival of 87% and
74%, respectively. The 3 and 5-year survival for patients achieving pCR was 96% and 93%
compared with 86% and 73% for patients with residual disease after chemoradiation (P <
0.001) (Fig. 2). Variables associated with an increased risk of death upon multivariable
analysis include single (instead of double) agent chemotherapy, treatment at a nonacademic
facility, older age, male sex, nonprivate insurance, lower income, higher comorbidity score,
higher grade, and radiation dose less than 50.4 Gy. MSI status did not correlate with
survival.

DISCUSSION

TNM staging remains the gold standard for the prognostic classification of rectal cancer;
however, outcome variability within stages may be at least, in part, attributable to
heterogeneity in molecular profile.16 MSI is strongly, though not exclusively, associated
with deficient mismatch repair enzymes, which is most often seen in hereditary
nonpolyposis colon cancer—a disease primarily involving the proximal colon.1’ For a
myriad of reasons, radiotherapy has a limited role in the primary treatment of proximal
colon cancer, and therefore the association, if any, between MSI and radioresponsiveness has
not been well studied. The few studies that have explored this concept failed to establish
such a relationship, but were limited by small (n < 100) cohorts.1819 Shin et al?% proposed
that MSI should promote radiosensitivity because MSI tumors are deficient in the
mechanisms necessary to repair radiation-induced DNA double-strand breaks, and also
effector proteins that promote tumor growth. Such radiosensitivity has been demonstrated in
mouse models with MSI cell lines.21.22

The aforementioned data suggest a role for routine MSI testing in rectal malignancies, as has
been conducted with increasing frequency per our analysis. Naturally, more patients were
being tested from 1 year to the next. Unexpectedly, however, was the proportionately higher
percentage of MSI(+) patients in 2010 to 2011 relative to 2012 to 2015. Perhaps, testing
methods changed with time, although most studies indicate that both immunohistochemical
staining and PCR assay are almost equally effective at detecting MSI.8 In addition to year of
diagnosis, higher grade and T4 tumors were also more likely to test positive for MSI,
suggesting that there may be a link between microsatellite instability and known unfavorable
prognosticators in rectal cancer.23

Interestingly, MSI has been consistently associated with both improved survival in colon
cancer and decreased survival in rectal cancer.10:24 While the prognostic implication of MSI-
H varies by site, MSI-L seemingly carries a poorer prognosis regardless.25-27 Reasons for
this dichotomous relationship are not well understood, though some suggest that the rectum
is less likely to harbor co-mutations such as gene that encodes for the protein b-raf (B-RAF)
—a correlate of improved survival.28 Although no association with survival and MSI status
was noted in this study (with relatively short follow-up), there was a nonstatistically
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significant higher risk of death in MSI-L patients [hazard ratio (HR) 1.33, 95% CI 0.92—
1.91). Response to treatment, however, did demonstrate a correlation with survival.

Pathologic complete response after neoadjuvant therapy is a strong indicator of outcome in
rectal cancer, almost doubling the survival rate in a recent study.29 Similarly, patients with
pCR after chemoradiation in our patient population were far less likely to encounter death
than those harboring residual disease (HR 0.28, A< 0.001). In the landmark trial that
established neoadjuvant radiotherapy with concurrent 5-fluorouracil as the standard of care
in locally advanced rectal cancer, Sauer et al30 reported a pCR rate of 8%, mirroring the
overall pCR rate in our study. It should be noted that a recent NCDB analysis of neoadjuvant
chemoradiation in rectal cancer reported a pCR rate of 23%,3! although they included a
greater proportion of clinical T1 and T2 tumors relative to this study. Subsequent attempts to
improve pCR rate since the Sauer trial included the addition of oxaliplatin, extended
capecitabine, and dose-escalated radiotherapy, with better but varying results, between 15%
and 279%.32-34 Perhaps, tumor biology plays as significant a role in response to therapy as
the therapy itself, as suggested by the clinical and molecular correlates of treatment response
demonstrated in this analysis.

Unsurprisingly, lower T stage was the strongest predictor of pCR with multivariable
analysis, as was a higher income and more recent diagnosis (Fig. 3). Of interest, dose-
escalated radiation (over 54 Gy) and double agent chemotherapy were not associated with
increased pCR rate, although both correlated with longer survival. Completing surgery
within 2 months or after 2 months of finishing radiotherapy also showed no association with
pCR or survival, suggesting that our study sample had adequate time for tumor down-staging
to pCR to develop.

Tumors testing positive for MSI independently correlated with a reduced pCR rate on
multivariable analysis, both with and without propensity matching, and also with case-
control matching. These findings are consistent with the known poorer prognosis of MSI(+)
patients with rectal cancer, and also corroborate the notion of chemo/radio-resistance for
MSI(+) tumors in the neoadjuvant setting. Such information may be valuable to
gastrointestinal oncologists who are currently exploring different avenues of neoadjuvant
therapy, such as the omission of radiotherapy in the preoperative radiation or selective
preoperative radiation and evaluation before chemotherapy and total mesorectal excision
(PROSPECT) trial or more aggressive upfront chemotherapy with total neoadjuvant therapy.
35,36 Fyrthermore, with the growing trend of nonoperative management of patients requiring
abdominoperineal resection, it may benefit clinicians to test for MSI and exercise organ-
preserving management with caution for those with MSI(+) tumors, which may be relatively
chemo/radio-resistant for reasons not yet understood.3’

Presuming that such a resistance to conventional therapies exist in MSI(+) rectal cancers,
immunotherapy may provide a pathway to help navigate it. In a small but prospective trial of
progressive metastatic carcinoma, 40% of mismatch repair-deficient colorectal cancers
responded to the Programmed Death-1 (PD-1) blocker pembrolizumab compared with 0% of
patients mismatch repair proficient colorectal cancers.38 This concept is being further
explored in the ongoing NRG G1004 phase |11 trial, designed to evaluate the addition of
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atezolizumab to conventional chemotherapy in metastatic colorectal cancer with deficient
mismatch repair genes.39 If immunotherapy proves to be effective in this setting, perhaps it
can play a role in the neoadjuvant setting for MSI(+) rectal cancers in future clinical trials.

While our findings are thought-provoking, they must be considered with the selection bias
inherent to any large retrospective study. The numbers supplied by the NCDB allow
investigators to explore associations that are otherwise difficult to unveil due to a limited
sample size. Nevertheless, unobserved confounding variables limit the interpretation of
observational data, regardless of attempts to mitigate bias with multivariable analysis and
propensity and crosscontrol matching. Additionally, clinical treatment response, salvage
therapies, specific chemotherapeutic agents, and number of cycles administered are not
included in the data, which may have otherwise affected the interpretation of results. It
should be, however, noted that survival was not a primary endpoint in this study. It is also
difficult to draw conclusions from the survival analysis that was conducted, as locally
advanced rectal cancer has a good overall prognosis, and therefore longer follow-up is
needed to truly determine associations with survival and covariates such as MSI, which has
only been collected in more recent years.

The NCDB contained MSI data on only 8% of rectal cancer patients, creating the most
pertinent source of selection bias for this study. Reasons for MSI testing were not provided,
so perhaps testing was reserved for cases that did not respond well to conventional therapy
(which may also help explain the low overall pCR rate), or perhaps it was only routinely
being conducted at academic centers. Therefore, caution should be used when extrapolating
these results to all cases of microsatellite instability. Nevertheless, these findings provide
enough data to warrant further investigation and strengthens the case for routine MSI testing
for locally advanced (if not all stages of) rectal cancer. Lastly, we could not evaluate MSI-H
against MSI-L as precisely as we would like to, given the limitations of the MSI “not
otherwise specified” category. The absence of specificity is likely because most centers
perform MSI testing with immunohistochemical staining, which cannot distinguish between
MSI-H and MSI-L among MSI(+) tumors, unlike with PCR testing. We did conduct an
independent subset multivariable analysis and found that the pCR rate was 4.3% for MSI-L
(OR 0.46, £=0.02) and 8.1% for MSI-H (OR 0.90, A= 0.74). Correlations with complete
response were statistically validated in a multivariable setting for both MSI(+) in overall
analysis and MSI-L in subset analysis. Based on the trends suggested in this subset analysis,
perhaps PCR testing for MSI-H/ MSI-L should be recommended after immunohistochemical
staining for MSI(+) tumors.

CONCLUSIONS

To our knowledge this is the first comprehensive study to analyze the association between
MSI and pathologic response to chemoradiation. Herein, we revealed a significant
correlation between MSI(+) tumors and a reduction in pCR. The NCCN suggests MSI
testing for all patients with colorectal cancers, a recommendation supported by the results of
our analysis. MSI is a known prognosticator, but it might also help select appropriate
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tients for neoadjuvant and definitive management. Perhaps, future trials may investigate

the role of dose-escalated radiation and/or immunotherapy in MSI(+) disease that is resistant

to
in

conventional treatment. Clearly, we have only scratched the surface of molecular profiling
rectal cancer, which may harbor mutations in KRAS, BRAF, PD-L1, and 18g, among

many others. A greater understanding of these mutations and their mechanisms will
hopefully lead to appropriate selection for optimal therapies.
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CONSORT diagram.
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FIGURE 2.

Kaplan-Meier overall survival partitioned by pathologic complete response.
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FIGURE 3.

Forest plot with odds ratios for pCR based on multivariable regression analysis. Note: MSI-
high/MSI-low testing conducted independently of MSI-negative/MSI-positive to avoid
confounding covariability.
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TABLE 1.
Patient and Treatment Characteristics (N = 5086)

Characteristic No. (% or Range)

Demographics

Sex

Male 3100 (61)

Female 1986 (39)
Age

Median 59 (19-90)

<60 1743 (53.1)

260 1537 (46.9)
Race

White 4369 (85.9)

African American 412 (8.1)

Other/unknown 305 (6.0)
Comorbidity score

0 4029 (59.8)

1 829 (16.3)

2+ 228 (4.5)
Insurance

Not insured 226 (4.4)

Private 2849 (56.0)

Government 1953 (38.4)
Treatment facility type

Community cancer program 295 (5.8)

Academic/research program 1917 (37.7)

Comprehensive cancer program/other 2874 (56.5)

Treatment facility location

Metro counties 4098 (82.3)
Urban counties 794 (15.9)
Rural counties 88 (1.8)

Income, US dollars

<48,000 2012 (39.7)
>48,000 3059 (60.3)
Distance to treatment facility, miles
<10 2391 (47.0)
>10 2679 (52.7)
Location
East 1944 (38.2)
Central 1913 (37.6)
West 870 (17.1)

Year of diagnosis
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Characteristic

No. (% or Range)

2010-2011
2012-2013
2014-2015
Disease characteristics
Clinical T stage
TUT2
T3
T4
Clinical T size
<2cm
2-5cm
>5cm
Clinical N stage
NO
N1
N2
Grade
Well differentiated
Moderately differentiated
Poorly differentiated
Microsatellite instability
Negative (stable)
Positive (instable)
Treatment characteristics
Radiation dose, Gy
Median (Gy)
<50.4
>50.4 and <54
>54
Time from XRT to surgery
<2 mos
2-4mos
Preoperative chemotherapy
Single agent
Double agent

Unknown

1105 (21.7)
1702 (33.5)
2279 (44.8)

317 (6.2)
4312 (84.8)
428 (8.4)

724 (14.2)
2517 (49.5)
1237 (24.3)

2026 (39.8)
2408 (47.3)
607 (11.9)

403 (7.9)
3533 (69.5)
537 (10.6)

4450 (87.5)
636 (12.5)

50.4 (40.4-70.2)
769 (15.1)
3754 (73.8)
563 (11.1)

2679 (52.7)
2407 (47.3)

2850 (56.0)
2088 (41.1)
148 (2.9)

Note: If sum of percentages is <100, then the remaining data are missing/unreported. Gy, gray.
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Comparative Baseline Characteristics for Microsatellite Status

TABLE 2.

Characteristics ~ MSI(-),n=4450 MSI(+),n=636 OR 95% CI P
Sex

Male 2713 (61.0) 387 (60.8) 1 Reference

Female 1737 (39.0) 249 (39.2) 1.05 0.85-1.19 0.96
Age, yrs

<60 2470 (55.5) 366 (57.5) 1 Reference

=60 1980 (44.5) 270 (42.5) 092 0.78-1.09 0.33
Race

White 3811 (85.6) 558 (87.7) 1 Reference

Black 386 (8.3) 44 (6.9) 0.82 059-1.13 0.22

Other 271 (6.1) 34 (5.3) 0.86 0.59-1.24 041
Year

2010-2011 940 (21.1) 165 (25.9) 1 Reference

2012-2013 1506 (33.8) 196 (30.8) 0.74 0.59-0.93 0.01

2014-2015 2004 (45.0) 275 (43.2) 0.78 0.64-0.96 0.02
Comorbid (Charlson-Deyo)

0 3508 (78.8) 521 (81.9) 1 Reference

1 740 (16.6) 89 (14.0) 0.81 0.64-1.03 0.08

>2 202 (4.5) 26 (4.1) 0.87 057-1.32 0.50
Clinical T stage

TUT2 281 (6.4) 36 (5.7) 1 Reference

T3 3786 (85.6) 526 (83.2) 1.08 0.76-1.55 0.66

T4 358 (8.1) 70 (11.1) 153 0.99-2.35 0.6
Primary tumor size, cm

<2 632 (16.1) 92 (16.5) 1 Reference

2-5 2200 (56.1) 317 (57.0) 099 0.77-1.27 0.94

>5 1090 (27.8) 147 (26.4) 093 0.70-1.22 0.59
Differentiation

Well 352 (9.0) 51(9.0) 1 Reference

Moderately 3116 (79.7) 417 (73.9) 0.92 0.68-1.26 0.62

Poorly 441 (11.3) 96 (17.0) 150 1.04-2.17 0.03
Radiotherapy dose, Gy

<50.4 667 (15.0) 102 (16.0) 1 Reference

>50.4 and <54 3292 (74.0) 462 (72.6) 092 0.73-1.16 0.46

>54 491 (11.0) 72 (11.3) 0.96 0.69-1.33 0.80
Time from XRT to surgery

<2 mos 2347 (52.7%) 332(52.2) 1 Reference

>2 mos 2103 (47.3) 304 (47.8) 1.02 0.87-1.21 0.80
Initial chemotherapy

Single agent 2495 (56.1) 355 (55.8) 1
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Characteristics

MSI(-),n=4450 MSI(+),n=636 OR 95%Cl P

Double agent

1833 (41.2) 255 (40.1) 098 0.82-1.16 0.80
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TABLE 3.

Multivariable Binary Logistic Models for Pathologic Complete Response

Characteristics Without Propensity Score Propensity Score-adjusted
Odds Ratio (95% Cl) P Hazard of Death (95% CI) P

Microsatellite Instability

Negative Reference Reference

Positive 0.65 (0.43-0.96) 0.03 0.65 (0.43-0.97) 0.03
Income, dollars

<48,000 Reference Reference

248,000 1.28 (1.01-1.62) 0.04 1.24 (0.97-1.58) 0.09
Year

2010-2011 Reference —

2012-2013 1.20 (0.86-1.69) 0.28

2014-2015 1.59 (1.17-2.18) 0.003
T stage

T1/T2 Reference —

T3 0.60 (0.41-0.87) 0.01

T4 0.25 (0.13-0.49) <0.001
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