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Abstract 

Treatment of locally advanced rectal cancer includes chemoradiation and surgery, but patient response to treatment is variable. Patients 
who have a complete response have improved outcomes; therefore, there is a critical need to identify mechanisms of resistance to 

circumvent them. DNA-PK is involved in the repair of DNA double-strand breaks caused by radiation, which we found to be increased 

in rectal cancer after treatment. We hypothesized that inhibiting this complex with a DNA-PK inhibitor, Peposertib (M3814), would 

improve treatment response. 
We assessed pDNA-PK in a rectal cancer cell line and mouse model utilizing western blotting, viability assays, γ H2AX staining, and 

treatment response. The three treatment groups were: standard of care (SOC) (5-fluorouracil (5FU) with radiation), M3814 with 

radiation, and M3814 with SOC. 
SOC treatment of rectal cancer cells increased pDNA-PK protein and increased γ H2AX foci, but this was abrogated by the addition 

of M3814. Mice with CT26 tumors treated with M3814 with SOC did not differ in average tumor size but individual tumor response 
varied. The clinical complete response rate improved significantly with the addition of M3814 but pathological complete response 
did not. We investigated alterations in DNA repair and found that Kap1 and pATM are increased after M3814 addition suggesting 
this may mediate resistance. 
When the DNA-PK inhibitor, M3814, is combined with SOC treatment, response improved in some rectal cancer models but an 

increase in other repair mechanisms likely diminishes the effect. A clinical trial is ongoing to further explore the role of DNA-PK 

inhibition in rectal cancer treatment. 
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Colorectal cancer is the third leading cause of cancer related death in
he United States. Rectal cancer makes up one-third of colorectal cancer
ases and approximately 45,230 Americans are diagnosed with rectal cancer
nnually. 1 Traditionally, locally advanced rectal cancer treatment includes 
-fluorouracil chemotherapy, radiation, and surgery. 2 Neoadjuvant treatment 
an be difficult for patients and surgery can result in morbidity such as
ebilitating bowel or urinary dysfunction or a permanent ostomy. This series
f treatments has been shown to diminish quality of life for these patients. 3 
esponse to neoadjuvant treatment is variable among patients. Some patients
chieve a complete pathological response to their neoadjuvant therapy and
hese patients have significantly better 5-year disease-free survival rates 
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compared to partial responders. 4 Unfortunately, only 15–25% of patients are
complete responders. 5 , 6 Recent studies have even shown that it may be safe to
omit surgery in these complete responders and non-operative clinical trials are
ongoing. 7 , 8 Thus, there is a substantial interest in improving patient response
to neoadjuvant chemoradiation therapy to increase the number of complete
responders. 

Radiation therapy causes double-strand breaks (DSBs) in DNA leading
to cancer cell death if not repaired. DNA-dependent protein kinase (DNA-
PK) is a complex involved in the repair of DNA DSBs via non-homologous
end-joining repair. Studies have shown that when this complex is inhibited,
radiation response in glioblastoma cells and non-small cell lung cancer cells
is enhanced. 9 , 10 While there have been trials combining targeted agents with
standard of care such as EGFR inhibitors, these agents have not improved
response rates in rectal cancer. 11–13 Although other mechanisms of DNA
repair exist such as via ATM and ATR, we and others have found that DNA-
PK is increased after chemoradiation in rectal cancer. 14 

Inhibitors of DNA repair have not been fully assessed in rectal cancer.
We hypothesized that inhibition of DNA-PK mediated DNA repair would
improve response to standard 5FU and radiation in rectal cancer. Peposertib,
formerly M3814, is a DNA-PK inhibitor and was chosen due to its clinical
relevance and selectivity. In this manuscript, we show that phosphorylated
DNA-PK (pDNA-PK) is increased after chemoradiation treatment and that
this increase is abrogated by addition of a DNA-PK inhibitor both in vitro and
in vivo . We found that addition of M3814 increased the number of clinical
complete responders in vivo but that there was no significant difference
in pathological complete response. In order to try and understand why
inhibition of DNA-PK did not improve the pathologic response, we assessed
other mechanisms of DNA repair. 

Methods 

Cell culture 

SW837 cell line was obtained from American Type Culture Collection
(ATCC). The Leopold lab shared the CT26 cell line. The SW837 cell line
was grown in Advanced DMEM with 5% FBS and antibiotic/antimitotic
supplements and the CT26 cell line was grown in DMEM with 10% FBS
and antibiotic/glutamate supplements (Gibco). All cell lines were verified by
short tandem repeat testing by sending samples of cultured cells from the lab
to ATCC at regular intervals. Cell lines were used at low passage numbers
only (SW837 < 15, CT26 < 25). For treatment in vitro , there were three
treatment groups that were compared to vehicle: standard of care (SOC) (5-
fluorouracil (5FU) with 5 Gy radiation), the DNA-PK inhibitor M3814 with
5 Gy radiation, and M3814 with SOC. The protocol used for chemoradiation
treatment of all cell lines was as follows: cells were treated with 3 μM 5-
fluorouracil (5FU) (Selleckchem) or 10 μM M3814 (CTEP) or combination
of both 30 min prior to radiation (5 Gy) (Kimtron Medical IC-320) and
media was changed the following day. 

Western blotting 

SW837 and CT26 cells were lysed in RIPA (radioimmunoprecipitation
assay) buffer and Halt protease and phosphatase inhibitor cocktail (Fisher
Scientific) 4 h, 1 day or 5 days after treatment. Mouse model tumors
were harvested and dissociated 2 h after completion of treatment to assess
changes in protein. Samples underwent electrophoresis and protein transfer
to Polyvinylidene fluoride (PVDF) membranes and were blocked in 5%
nonfat dry milk in 1X Tris buffered saline and 0.1% Tween-20 (TBST).
Blots were probed with 1:1,000 dilution of antibodies against pDNA-PK
(Abcam), pATM (Novus Biologicals), and Kap1 (Novus Biologicals). Protein
loading was verified using 1:10,000 dilution of β-Actin (Abcam). Membranes
ere incubated with appropriate secondaries and imaged using enhanced 
hemiluminescence. 

mmunofluorescent staining and quantification of γ H2AX foci 

SW837 cells were plated in 24 well plates on sterile glass coverslips 
ith 125,000 cells/well. Cells were treated according to our chemoradiation 
rotocol. Six hours after treatment, cells were fixed and permeabilized 
ith ice-cold methanol for 10 min. Slides were incubated with γ H2AX 

ntibody (EMD Millipore Corp) at a 1:1,000 dilution for one hour at room
emperature. Following incubation with primary antibody, the slides were 
ncubated with Alexa488 secondary antibody (Invitrogen) at 1:500 dilution 
or one hour at room temperature in the dark. Coverslips were mounted on
lides using DAPI mounting media (Invitrogen). Five high powered fields per 
lide manually counted by a blinded assessor for both number of cells (nuclear
API positive) and number of γ H2AX positive cells. Greater than 10 foci of
H2AX staining in a cellular nucleus was defined as a γ H2AX positive cell. 

lonogenic survival assay 

Clonogenic assays were performed using standard techniques previously 
escribed. 15 Cells were plated at varying cell densities, from 1,000 to 100,000 
ells. Cells were treated with various doses of M3814 (0.5-15 μM) and 
arious radiation doses (0–10 Gy). Cells were grown for 12 days then the
urviving fraction was determined by counting cell colonies. The radiation 
nhancement ratio was calculated as previously described. 16 

ell Titer-Glo Viability Assays 

SW837 cells were plated in 96 well plates with 3,000 cells/well. Cells were
reated according to our treatment protocol. Media was changed 24 h after 
reatment and every other day thereafter. Cell Titer-Glo Luminescent Cell 
iability Assay reagent (Promega) was added on day 5 in volume equal to the
edia. Cells were left at room temperature for one hour then luminescence
as measured using a plate reader (Infinite M200 Pro, Tecan). 

ouse model studies 

All animal studies were approved by the Institute Animal Care and Use 
ommittee (protocol # 21742) of the University of Alabama at Birmingham. 
his study was carried out in strict accordance with recommendations in 

he Guide for the Care and Use of Laboratory Animals of the National 
nstitutes of Health. CT26 cells were grown in culture in DMEM with 10%
BS media and 1 × 10 6 cells were subcutaneously implanted into the flank 
f BALB/c mice (Jackson Laboratories) in accordance with our approved 
ACUC protocol. Mice were randomized into groups once tumor volume 
eached 100 mm 

3 as measured by calipers. Mice were randomly split into 
he following treatment groups: vehicle, SOC (100 mg/kg capecitabine (LC 

aboratory) with 2 Gy radiation), 50 mg/kg M3814 (obtained through the 
ational Cancer Institute, Cancer Therapy Evaluation Program) with 2 Gy 

adiation, and SOC plus M3814. Capecitabine and/or M3814 were given via 
ral gavage on radiation treatment days. Mice were placed in a custom gig for
hielding and radiation was delivered to tumors via X-RAD 320 (Precision X- 
ay Inc.) daily. Mice were treated 5 days per week for 2 weeks. Subcutaneous

umor volume and body weights were measured 3 times per week. A clinical
omplete response was defined as no measurable or palpable tumor. Animals 
ere euthanized one week after the end of treatment. The area where the

umor had been implanted was harvested including the skin and flank muscle 
f not grossly visible tumor was found. Pathologic complete response was 
efined as lack of identification of tumor cells on H and E slides from the
arvested area. 
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Fig. 1. Chemoradiation induces increase in pDNA-PK and DNA damage in rectal cancer cell lines. A: Western identifies increase in pDNA-pk after 
chemoradiation in rectal cancer cell lines SW837 and CT26 ( N = 4, p < 0.001). B: Increased γ H2Ax staining in SW837 rectal cancer cells treated with 
chemoradiation compared to vehicle indicating increased DNA damage ( N = 5 slides per treatment group, N = 3, p < .001). 
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Statistical analysis 

Western blots were quantified using Image J and analyzed using a
Student’s T-test when comparing just 2 groups. For assessment of more than
2 groups, an ANOVA was used, followed by pairwise tests for statistical
comparison. γ H2AX positivity and tumor size were compared using logistical
regression. For the Cell Titer-Glo viability assays, measurements of relative
light units at 5 Gy for each cell type were converted to fold change values
by dividing each 5 Gy measurement by the corresponding 0 Gy mean value
of the same cell type within each experiment. Subsequently, the log fold
change was fit using a linear mixed model with cell type treated as a fixed
effect and experiment as a random effect. The model assessed for a change
in viability with radiation. For assessment of tumor response in the in vivo
model, a pairwise t-test was used at 14 days with adjustment for multiple
testing. Experiments in cell lines were repeated using different passages in at
least 3 separate experiments. 

Results 

Chemoradiation induces DNA damage and increase in pDNA-PK in 

colorectal cancer cell lines 

To evaluate the role of pDNA-PK in chemoradioresistance in rectal
cancer cells, SW837 and CT26 cells were treated with 5FU and 5 Gy
radiation. pDNA-PK was compared between treated and untreated cells 4 h
after treatment and treated cells had increased pDNA-PK protein (SW837:
21.0-fold increase compared to vehicle, p = 0.002, CT26: 3-fold-increase
compared to vehicle, p < 0.005, Fig. 1 A). γ H2AX is a marker of DNA
damage from radiation that can be assessed via immunofluorescent staining.
We found that γ H2AX foci positive cells increased from 3.5% to 65.8%
at 6 h after chemoradiation in SW837 cells ( N = 5 slides per treatment
group, N = 3 experiments, p < .001, Fig. 1 B). This led to the hypothesis
that because rectal cancer cells increase DNA-PK mediated DNA repair after
chemoradiation, inhibition of this complex by M3814 would improve the
response of these tumor cells to treatment. 

Inhibition of pDNA-PK improves response to chemoradiation and 
decreases pDNA-PK in rectal cancer cell line 

In a standard clonogenic assays in SW837 cells, M3814 was found to be
a potent inhibitor of DNA-PK with a radiation enhancement ratio of 1.94
( Fig. 2 A). The dose 10 μM was chosen for subsequent studies as this dose
elicited the highest radiation enhancement ratio (RER). To assess for pDNA-
PK protein, SW837 cells were treated with SOC, M3814 plus radiation,
r SOC plus M3814 and were harvested 4 h after treatment. Cells treated
ith SOC had a 21-fold increase in pDNA-PK compared to vehicle, as

xpected ( Fig. 2 B). When SW837 cells were treated with 10 μM M3814 in
ombination with either radiation alone or SOC, pDNA-PK decreased 8-fold
 p = 0.03, N = 3) and 14-fold ( p = 0.01, N = 3), respectively. 

3814 decreases cell viability and increases DNA damage when added 
o SOC in rectal cancer cells 

To assess for differences in cell viability after treatment, SW837 cells were
reated with SOC, M3814 plus 5 Gy radiation, or SOC plus M3814 and
ollected 5 days later for assessment. In SW837 cells, addition of M3814 to
reatment led to a significant reduction in viability compared to SOC ( n = 4,
ig. 3 A, ∗ represents p < 0.05). Additionally, the number of cells staining
ositive for γ H2AX foci increased upon addition of M3814 compared to
OC alone (65.8% to 97.3%, p < .001, Fig. 3 B) indicating increased DNA
amage. 

3814 treatment of in vivo Colorectal (CRC) model 

To assess the addition of inhibition of DNA-PK to standard treatment
n vivo , BALB/c mice were implanted subcutaneously in the interscapular
rea with the CT26 cell line which is a well described immune competent
RC model. 17 Tumors were allowed to grow until they reached 100 mm 

3 and
ice were randomly assigned to the following groups: Vehicle, 100 mg/kg

apecitabine with 2 Gy radiation daily (SOC), 50 mg/kg of M3814 with
 Gy radiation daily, and SOC plus 50 mg/kg of M3814. Mice ( n = 8-10
er group) were treated 5 days per week for 2 weeks. Mice were sacrificed 1
eek after completion of treatment with the exception of 2 mice per group

hat were sacrificed 2 h after treatment to assess for inhibition of the target
rotein. pDNA-PK was assessed in the tumors collected 2 h after treatment
ia western blotting, whereupon we found that tumor pDNA-PK is increased
ith SOC ( Fig. 4 A 1.14-fold increase from vehicle, p = 0.03, n = 3) but this

ncrease is effectively abrogated by the addition of the DNA-PK inhibitor,
3814. Body weight was largely unchanged throughout this study indicated
ice tolerated the treatment well ( Fig. 4 B). Tumor size significantly decreased

ver the study period in each treatment group compared to vehicle ( p < .001).
here was no statistical difference between the SOC plus M3814 or SOC but
oth were smaller than M3814 plus radiation ( p = .03, Fig. 4 C). To assess
ndividual tumors, each individual tumor size was plotted for each treatment
roup ( Fig. 4 D). Some treated tumors initially shrank during treatment and
ubsequently progressed leading us to hypothesize that some tumors may have
eveloped therapeutic resistance during treatment. 
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Fig. 2. M3814 is a potent radiation sensitizer in SW837 rectal cancer cell line. A: Clonogenic assay of SW837 cells plus addition of M3814. Radiation 
enhancement ratio for this cell line is 1.94 indicating that M3814 is a radiation sensitizer. B. Western showing that the increase in pDNA-PK after 
chemoradiation is abrogated with the addition of M3814 in SW837 cell line with radiation alone ( p = 0.03, N = 3) and SOC ( p = 0.01, N = 3). 

Fig. 3. pDNA-PK inhibition improves response to chemoradiotherapy in rectal cancer cell line and increase DNA damage A. Cell titer glo viability assay in 
SW837 cells. SW837 cells treated with M3814 plus SOC as well as M3814 plus radiation have decreased viability compared to standard of care alone ( N = 3), 
∗ indicates p < 0.05. B. Significantly increased γ H2Ax staining in SW837 cells treated with SOC + M3814 compared to SOC ( N = 5 slides per treatment 
group, N = 3, p < .001). Representative photographs are shown. 
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Clinical but not pathologic complete response significantly improved 
with SOC plus M3814 in vivo 

Since complete response is an important clinical outcome in humans,
we wanted to evaluate complete response in the CT26 mouse model. An
example of a mouse with a complete response from the SOC plus M3814
group (no measurable tumor) is shown in Fig. 5 B compared to a large
tumor in an animal from the vehicle group ( Fig. 5 A). We identified a 45.5%
linical complete response rate 1 week after completion of treatment with 
OC plus M3814 which is significantly higher than SOC alone or M3814 
lus radiation ( Fig. 5 C, N ≥8 mice per group; p = 0.01. Because clinical
omplete response does not necessarily equate to lack of any viable tumor, we
ssessed specimens for pathologic complete response (pCR). Coded, blinded, 
ematoxylin and eosin slides of the tumors were sent to our pathologist (EKC)
o assess for pCR, which did not identify a difference between groups (18.2%
CR for SOC plus M3814 vs. 12.5% pCR for SOC, Fig. 5 D, N ≥8 mice per
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Fig. 4. M3814 treatment of in vivo CRC model: A: Western of CT-26 flank tumors after treatment in mice showing pDNA-PK increases after SOC treatment 
but decreases with addition of M3814 ( N = 3, P = 0.03) B: Weight of mice over time showed no significant weight loss indicating that treatment was tolerated 
well. C. Tumor size was lower in all treatment groups compared to vehicle ( N ≥ 8 mice per group, p < 0.01). There was no statistical difference between the 
SOC plus M3814 versus SOC, but both were smaller than M3814 plus radiation ( p = 0.03). D. Spaghetti plots of each treatment group reveal that some 
tumors initially shrank and then grew again indicting possible outgrowth of resistant tumor. 
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group; p = 0.43). Representative H&E slides of each treatment outcome are
shown in Fig. 5 . 

ATM/ Kap1 as potential mechanism of resistance to M3814 treatment 

Due to the variable response of the CT26 tumors (see spaghetti plots,
Fig. 4 D), we hypothesized that an alternate means of DNA repair was being
upregulated in our rectal cancer models to overcome inhibition of DNA-
K. In order to test this hypothesis, we treated SW837 and CT26 cell lines
ccording to our treatment protocol and assessed for changes in a different
echanism of DNA repair. We assessed pATM and downstream Kap1 in both

ell lines and found that expression of both increase when groups receiving
3814 were compared to SOC. In SW837 cells, pATM had a 4.6-fold

ncrease in the M3814 plus radiation group compared to SOC (1.02-fold
ncrease) and vehicle ( Fig. 6 A, p = 0.03, N = 3). Kap1 had a 304-fold increase
n the M3814 plus radiation group compared to SOC (44.7-fold increase)
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Fig. 5. Clinical but not pathologic complete response significantly improved with SOC plus M3814 in vivo . A. Vehicle mouse with large tumor B. Mouse 
treated with SOC plus M3814 with a clinical and pathologic complete response (no measurable tumor) C. Percent of clinical complete responders after 
treatment shows a 45.5% complete response rate after treatment compared to 12.5% in the SOC group (N ≥8 mice per group, p = 0.01). D. Percent of 
pathological compete responders after treatment shows 18.8% in SOC plus M3814 group compared to 12.5% in SOC (p = 0.43) E. Representative H&E 

images of tumors after treatment. 1: vehicle showing no response 2: SOC showing partial response 3: SOC plus M3814 showing partial response 4: SOC plus 
M3814 showing complete response. 
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Fig. 6. ATM/Kap1 as a potential mechanism of resistance to M3814. A/C. Western ( N = 3) identified an increase in pATM in the M3814 groups compared 
to SOC in the SW837 cell line ( p = 0.03) and in CT-26 cell line ( p = 0.02) B/D. Western showing an increase in Kap1 (downstream of ATM) in the M3814 
groups compared to SOC in the SW837 cell line (p < .001) and in the CT26 cell line ( p = 0.03). 
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( Fig. 6 B, p < .001, N = 3). Similarly, we assessed ATM and Kap1 in CT26
cells grown and treated in vitro and identified an increase in pATM which
had a 25.3-fold increase in the M3814 plus radiation group compared to
SOC (8.9-fold increase) ( Fig. 6 C, p = 0.02, N = 3). Kap1 was increased
in the M3814 plus radiation group (45.8-fold increase) compared to SOC
(2.9-fold increase) and vehicle ( Fig. 6 D, p = 0.03, N = 3). 

Discussion 

Rectal cancer incidence has been increasing 18 but therapeutics have
remained unchanged. Studies have shown that patients who are complete
responders to neoadjuvant chemoradiation have better 5-year survival. 4 
In order to reduce morbidity and increase survival, there is a need to
improve response to treatment through improved therapeutics. One possible
therapeutic approach is to inhibit radiation-induced DNA repair. DNA-PK
is a prominent mechanism of DNA repair. In this study, we examined how
M3814, a DNA-PK inhibitor, affects treatment response in the SW837 cell
line and the CT26 mouse model. We found that DNA-PK is increased
in SW837 cells when treated with radiation and this increase is abrogated
by M3814. In addition, cell viability in vitro in SW837 cells is decreased
with the addition of M3814 to SOC compared to vehicle. Tumors resulting
from subcutaneously implanted CT26 colorectal cells in mice show variable
response with some tumors re-growing after initially shrinking. There was no
difference in average tumor size or pathologic complete response between
treatment groups despite addition of M3814 to treatment and inhibition
of the target (DNA-PK) in the tumors. We hypothesized that another
mechanism of DNA-repair could be increased to compensate for DNA-
PK inhibition. We found that pATM and Kap1, which is downstream of
pATM, are increased after treatment with M3814. This may diminish the
effectiveness of M3814 in treatment of rectal cancer. 

Studies have assessed DNA-PK inhibitors in other cancer models but very
little has been done in colorectal cancer. Studies of DNA-PK inhibition in
glioblastoma and ovarian cancer have identified improved response when
combining with other therapies. 9 , 19 Fok et al. examined AZD7648, a
DNA-PK inhibitor in non-small-cell lung cancer cells. 20 They found this
compound to be a potent radiosensitizer, similar to M3814, and showed
that it causes persistence of DNA damage following radiation. In mouse
xenografts, addition of AZD7648 achieved up to 85% tumor regression
compared to 60% with radiation alone. Their improved response may be
ttributable to a number of factors, including compound differences with
issimilar pharmacokinetic exposure profiles or differences in crosstalk with 
ther DNA repair pathways. While they found that pATM was increased in
 delayed fashion subsequent to DNA-PK inhibition, we found that it was
ot delayed but rather increased early after the DNA-PK inhibitor was added.
TM is recruited to chromatin in response to DSB in DNA similar to DNA-
K. This kinase phosphorylates multiple sites that alter checkpoint activation,
poptosis, and transcription including p53. This kinase allows for a pause
f the cell-cycle progression (checkpoint activation) and DNA repair which
an contribute to chemoradiation resistance. 21 Sun et al., found that DNA-
K inhibition increased pATM and Kap1 expression in adenocarcinoma 
uman alveolar basal epithelial cells and fibrosarcoma cancer cell lines treated
ith M3814. 22 They reported an increase in ATM expression in response

o radiation alone that was substantially augmented upon treatment with
3814. 
There are a limited number of literature reports on the anticancer effects

f M3814. A study by Haines et al. showed that M3814 in combination
ith topoisomerase 2 inhibitors boosts the ATM/p53 response in acute
yeloid leukemia cells leading to elevation in p53 protein which leads

o enhanced p -53 dependent antitumor activity in tumor cells. They
lso show that M3814 in combination with CPX-351, was efficacious
gainst leukemia cells in vitro and in vivo without incurring increasing
ematopoietic toxicity. 23 Zenke, et al., showed that M3814 is a potent

nhibitor of DNA-PK and DSB repair across multiple cancer cell lines and
hat this drug sensitized cancer cells to radiation using colony formation
ssay and that M3814 synergistically enhances the activity of DSB-inducing
gents. 24 They measured the inhibitory effect of 72 different drugs and
ound that bleomycin and the topoisomerase inhibitors were synergistic 
ith M3814. They also looked at xenograft models of hypopharyngeal 

arcinoma and non-small cell lung cancer and found that treatment with
ombination M3814 and radiation enhanced tumor growth inhibition in 
oth tumor models and response was dose dependent. The first reported
uman study evaluating M3814 as a single agent treatment and included
hirty-one patients with advanced solid organ tumors (colorectal being 
he most common) who received M3814 once daily or twice daily in
1-day cycles. 25 This study found that the drug was well tolerated and
emonstrated modest efficacy in unselected tumors. The best overall 
esponse was stable disease (12 patients), lasting for > 12 weeks in seven
atients. 
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In our mouse study, there are more clinical complete responders than
pathological complete responders when M3814 is added to SOC, meaning
that more tumors had substantial shrinkage such that they were no longer
palpable but the pathology data shows that it did not full eradicate the tumor.
While this finding is not novel, it does highlight the importance of post
chemoradiation tissue examination and surgical removal in similar studies.
While there are studies that support close surveillance after chemoradiation
if there is a clinical complete response in human rectal cancer similar to the
way that anal squamous cell cancer is managed, there is concern that a subset
of patients that may not have a pathological complete response and would
benefit from surgical resection will have a delay in their surgery or even present
when they are not resectable. 5 , 6 

Our study has multiple limitations. We only used SW837 and CT26 cell
lines, so our response assessment is limited. In addition, we used flank rather
than orthotopic in vivo tumors due to ease of measurement of flank tumors.
Lastly, we found that caliper measurement of tumor size over-estimated
complete response, which is not dis-similar to issues surrounding clinical
response in patients. Clinical trials to assess responses across a variety of
genetically heterogeneous rectal adenocarcinomas will be important and are
ongoing. 26 

Conclusions 

Improving response to neoadjuvant treatment of rectal cancer is needed.
We found that when the DNA-PK inhibitor, M3814, is combined with SOC
treatment, response is improved in the SW837 rectal cancer cell line but not
the CT-26 mouse model and that ATM/Kap1 are activated when DNA-PK
is inhibited potentially abrogating the effectiveness of M3814. 
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