
 
 

NOVA 
University of Newcastle Research Online 

nova.newcastle.edu.au 
 

 
 
 

© 2018. This manuscript version is made available under the CC-BY-NC-ND 4.0 license 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 
 
         Accessed from: http://hdl.handle.net/1959.13/1407452 
 
 
 
 
 

 
 
Scurry, James; van Zyl, Belinda; Gulliver, Damien; Otton, Geoffrey; Jaaback, Kenneth; Lombard, 
Janine; Vilain, Ricardo E.; Bowden, Nicola A. “Nucleotide excision repair protein ERCC1 and tumour-
infiltrating lymphocytes are potential biomarkers of neoadjuvant platinum resistance in high grade 
serous ovarian cancer”. Gynecological Oncology Vol. 151, Issue 2, p. 306-310 (2018) 

 
 

Available from: http://dx.doi.org/10.1016/j.ygyno.2018.08.030 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/1959.13/1407452
http://dx.doi.org/10.1016/j.ygyno.2018.08.030


 1 

Nucleotide excision repair protein ERCC1 and tumour-infiltrating lymphocytes are 1 

potential biomarkers of neoadjuvant platinum resistance in high grade serous ovarian 2 

cancer. 3 

 4 

Jim Scurry
a,b 

5 

Belinda van Zyl
b 

6 

Damien Gulliver
b 

7 

Geoff Otton
c 

8 

Ken Jaaback
c 

9 

Janine Lombard
d 

10 

Ricardo E. Vilain
a,b 

11 

Nikola A. Bowden
b#

 12 

 13 

a. Pathology NSW, New Lambton Heights, NSW, Australia 14 

b. Hunter Medical Research Institute and School of Medicine and Public Health, Faculty of 15 

Health, University of Newcastle, Callaghan, NSW, Australia 16 

c. Department of Gynaecologic Oncology, John Hunter Hospital, Hunter New England Area 17 

Health Service, NSW, Australia 18 

 19 

d. Department of Medical Oncology, Calvary Mater Hospital, Waratah, NSW, Australia 20 

 21 

#
Corresponding author: 22 

Nikola Bowden, PhD 23 

Hunter Medical Research Institute, 24 

C/o University Dr, 25 

Callaghan 26 

2308, NSW, Australia. 27 

*3.5 Revised Manuscript (Unmarked)
Click here to view linked References

http://ees.elsevier.com/ygyno/viewRCResults.aspx?pdf=1&docID=34050&rev=2&fileID=910018&msid={FCB166E3-96F4-43BE-B573-2C90082719B7}


 2 

Ph: +61 (0) 2 40420277 28 

Fax: +61 (0) 2 40420030   29 

Email: Nikola.Bowden@newcastle.edu.au 30 

 31 

Keywords: ovarian cancer, ERCC1, tumour-infiltrating lymphocytes, neoadjuvant 32 

chemotherapy, resistance 33 

 34 

 35 

  36 



 3 

Abstract: 37 

Objective 38 

ERCC1 is a nucleotide excision repair protein that may have a role in drug resistance in high 39 

grade serous ovarian cancer (HGSOC). We hypothesized that ERCC1 expression and tumor 40 

infiltrating lymphocytes (TILS) are induced by chemotherapy in HGSOC, which may be 41 

prognostically useful.  42 

 43 

Methods 44 

115 HGSOC patients were used for this study. 92 (80%) of the tissue analysed had not been 45 

exposed to platinum chemotherapy. The remaining 20% (n=23) of cases received 46 

combination or monotherapy with carboplatin before tissue was collected.  47 

Immunohistochemistry was used to score for ERCC1 expression and morphology to score for 48 

TILs.  Correlation analysis of all clinical parameters, TILs and ERCC1 and Kaplan-Meier 49 

survival analysis was performed using the ERCC1 and TILs scoring parameters (0, 1, 2 or 3).  50 

 51 

Results 52 

ERCC1 expression was 2-fold higher in the neoadjuvant chemotherapy group compared to 53 

the primary cytoreductive surgery group (p<0.0001). The mean overall survival for the 54 

neoadjuvant group with high ERCC1 was 141.6 + 20.2 months which was significantly 55 

longer than absent ERCC1 survival of 61 + 22.6 months (p=0.028).  ERCC1 score strongly 56 

correlated with TILs score across the whole cohort (0.349, p = 1.3 x 10
-4

) suggesting there is 57 

a relationship between ERCC1 expression and TILs, but this requires further investigation. 58 

   59 

Conclusion: In conclusion, ERCC1 was identified as a potential biomarker of platinum 60 

response overall survival in HGSOC undergoing neoadjuvant HGSOC treatment.  61 

  62 
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Introduction: 63 

High grade serous ovarian cancer is (HGSOC) treated by up front cytoreduction surgery 64 

followed by chemotherapy or neoadjuvant chemotherapy followed in appropriate cases by 65 

cytoreduction surgery. Optimal first line chemotherapy is a platinum compound (cisplatin or 66 

carboplatin) plus a taxane (eg. paclitaxel). Platinum, the most effective chemotherapy agent, 67 

directly damages DNA by cross-linking nucleotides which if unrepaired results in double-68 

strand DNA breaks and eventually induces apoptosis. Recognition of the DNA cross-links is 69 

performed by a specific DNA repair process, nucleotide excision repair (NER). Once 70 

platinum cross-links are recognized,  NER can decide a cell’s fate by triggering the initiation 71 

of DNA repair, or if the damage is too great by directly signalling for apoptosis (1). In HGS 72 

ovarian cancer, HR deficiency as a result of BRCA mutations, results in increased DNA 73 

damage and increased apoptosis and sensitivity to DNA-damaging agents. Conversely, 74 

reduced levels of NER in the presence of DNA-damaging agents, result in the accumulation 75 

of unrepaired DNA damage with the addition of absence of apoptotic signalling, contributing 76 

to reduced or no response to platinum chemotherapy (2-4). Protein and mRNA expression 77 

levels of factors in the pathway have been reported to predict treatment response to cisplatin, 78 

and its analogues, in ovarian, testicular and non-small cell lung cancers (2, 5, 6).  79 

 80 

ERCC1 is one key component of NER that has been extensively studied in HGSOC. Studies 81 

that have analysed HGSOC collected by debulking surgery tissue before adjuvant 82 

chemotherapy treatment have shown no prognostic role for ERCC1 expression in predicting 83 

response to adjuvant chemotherapy (7, 8) or overall survival (7, 9-11). The explanation for 84 

this maybe multifactorial and could reflect the complex and dynamic nature of DNA repair in 85 

the face of acute genotoxicity. The optimal timing of assessing ERCC1 expression could also 86 

be crucial in understanding any possible relation to platinum-based therapy response.  87 

 88 
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NER proteins require DNA damage to be present before eliciting a response, therefore we 89 

hypothesised that ERCC1 expression will be necessarily highest after chemotherapy when 90 

DNA damage is at its highest. The HGSOC cases with the lowest ERCC1 expression after 91 

chemotherapy would be expected to be the most drug resistant, due to the lack of an apoptotic 92 

response in the setting of ongoing DNA damage. In this context, high ERCC1 would be 93 

expected to result in response to treatment and thus correlate with overall survival. 94 

Comparing levels of ERCC1 expression in tumor obtained in secondary cytoreduction after 95 

neoadjuvant chemotherapy to that obtained in up front primary cytoreduction offers the 96 

chance to test this hypothesis.  97 

 98 

It is well established that the degree of tumor infiltrating lymphocytes (TILS) correlates 99 

positively with survival (12). Furthermore, post-chemotherapy tumour tissue shows an 100 

increased number of TILS (13). If both TILS and ERCC1 expression are increased post-101 

chemotherapy, the question that arises is whether both ERCC1 expression and high TILS are 102 

required for improved overall survival.  103 

 104 

To explore this hypothesis, we performed the following retrospective studies: Comparison of 105 

ERCC1 expression in tumor tissue obtained after neoadjuvant chemotherapy versus primary 106 

cytoreduction surgery; comparison of survival in high and low ERCC1 expression in the 107 

cohort treated by neoadjuvant chemotherapy; and comparison of TILS and ERCC1 levels 108 

after neoadjuvant chemotherapy and their relationship to survival.  109 

 110 

  111 
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Materials and Methods: 112 

Patient cohort 113 

The Hunter Gynaecological Cancer (HGC) database was searched from 2000-2015 inclusive 114 

for first diagnoses of women with high grade serous carcinoma of the fallopian tube, ovary or 115 

peritoneum that were treated by either primary cytoreduction followed by chemotherapy or 116 

by neoadjuvant chemotherapy followed by cytoreduction.  117 

 118 

A total of 115 HGSOC patients; 92 (80%) treated by primary cytoreduction and 23 (20%) by 119 

neoadjuvant chemotherapy followed by cytoreduction, were identified. Following primary 120 

cytoreduction, adjuvant combination platinum/paclitaxel or carboplatin monotherapy was 121 

administered. Therefore 80% of the tissue analysed had not been exposed to platinum 122 

chemotherapy at the time of collection. The remaining 20% (n=23) of cases received 123 

combination (n=18) or monotherapy (n=5) with carboplatin before tissue was collected. The 124 

outcome of cytoreduction surgery was determined as suboptimal if >1mm of residual disease 125 

was reported and optimal if  <1mm or no residual disease was reported. 126 

 127 

Full face sections of diagnostic formalin-fixed paraffin embedded (FFPE) tissue were 128 

obtained from Pathology NSW archive and FIGO staging was confirmed by a senior 129 

Anatomical Pathologist (JS). Tissue blocks with viable tissue were chosen preferentially with 130 

none or limited necrosis. Viable areas of tumour tissue were marked for scoring. Age and 131 

date of diagnosis, stage, grade, primary treatment, date of death or date of last follow-up were 132 

collated from the HGC database and confirmed from medical records. Demographic and 133 

clinical characteristics are summarised in Table 1. The Hunter New England Area Health 134 

Service Human Ethics Committee approved the study (approval number 08/08/20/5.17).  135 
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 136 

 137 

ERCC1 Immunohistochemistry 138 

Slides were de-waxed using xylene and a serial dilution of ethanol. Antigen retrieval was 139 

performed in citric acid EDTA with an approximate pH 9.0. Slides were then treated using 140 

the SuperPicture 3 kit (Invitrogen, USA) and the anti-ERCC1 antibody 8F1 (1:300, abcam 141 

USA) and counter stained with hematoxylin. ERCC1 scoring was performed by a pathologist 142 

blinded to all clinical and pathological findings. Staining intensity was graded from 0 to 3; 0 143 

= complete absence of ERCC1, 1 = low intensity and/or <50% cells positive, 2= medium 144 

intensity staining and >50% cells positive, 3 = high intensity staining and >50% cells 145 

positive. Examples of scoring of intensity are shown in Figure 1. 146 

 147 

Tumour infiltrating lymphocytes (TILS) 148 

TILs were assessed by morphology on ERCC1 IHC sections. TILS were scored as absent, 149 

mild, moderate or marked presence with a density of focal, mulitfocal or diffuse. A TIL score 150 

was calculated as described by Madore et al (14) as follows: 0 = no TILS present, 1 = mild or 151 

moderate focal / mild multifocal, 2 = marked focal / moderate or marked multifocal / mild 152 

diffuse and 3 = moderate or marked diffuse. Examples of scoring of intensity are shown in 153 

Figure 2. 154 

 155 

 156 

Statistical analysis  157 

Spearman’s Rho was used for correlation analysis of all clinical parameters, TILs and 158 

ERCC1. Kaplan-Meier survival analysis was performed using the 4 ERCC1 and TILs scoring 159 
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parameters (0 = absent, 1 = low expression, 2 = medium expression or 3 = high expression). 160 

For 2 group ordinal analyses the groups were condensed into the following categories: low = 161 

score 0 or 1 and high = score 2 or 3. Overall survival (months) was censored for patients that 162 

were alive at last follow-up at the time of data collection.  163 

Log Rank (Mantel-Cox) test was used to determine the Chi-squared and p-value for survival. 164 

Cox regression was used to correct the ERCC1 survival analysis for suboptimal/optimal 165 

debulking surgery, monotherapy/combination therapy and TILs score. When assessing the 166 

prognostic value of ERCC1 and TILs on survival, observation time began at the date of 167 

surgery and continued until the event or censor date. Overall survival considered death the 168 

event, and patients were otherwise censored at last follow-up.  169 

 170 

171 
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Results: 172 
 173 

ERCC1 expression was significantly higher in the neoadjuvant chemotherapy group (mean 174 

score = 1.61+1.16) when compared to the cytoreduction surgery group (mean score = 175 

0.79+0.83, p<0.0001) . A small but not significant increase in TILs scores was seen in the 176 

neoadjuvant chemotherapy group (mean score = 1.57+1.24) compared to the cytoreduction 177 

surgery group (mean score = 1.30+1.02). All other demographic and clinical parameters were 178 

not significantly different between the 2 treatment groups (Table 2).  179 

 180 

Kaplan-Meier survival analysis was used to determine that the survival distributions for the 4 181 

ERCC1 score categories alone did not significantly differ across the whole cohort 182 

(Supplementary Table 1 and Supplementary Figure 1). While, when divided into treatment 183 

groups, ERCC1 scores in the neoadjuvant chemotherapy cohort were found to have a 184 

significantly different overall survival effect (Chi-square=6.074, df=3, p=0.014). The mean 185 

survival in the neoadjuvant group for absent ERCC1 (score = 0, n = 5) was 61.5 + 22.6 186 

months and for high ERCC1 (score = 3, n = 7) was 141.6 + 20.2 months (p= 0.028) (Figure 187 

3a). There were no significant differences in survival associated with ERCC1 scores in the 188 

primary cytoreduction group (Figure 3b) (score = 0, survival = 100.3 + 10.8 months; score 189 

=1, survival = 89.9 + 11.9 months; score = 2, survival = 83.7 + 15.4 months; score = 3, 190 

survival = 98.9 + 29.1 months). 191 

 192 

The most common clinical diagnostic pathology assessment of IHC is a 2 group classification 193 

of staining (e.g: present/absent, high/low, aberrant/wildtype). We condensed the 4 score 194 

ERCC1 catergories into low (score 0 or 1) and high (score 2 or 3) and repeated the analyses. 195 

The Kaplan-Meier survival curve displayed an increase in survival for the ERCC1 high group 196 
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compared to the ERCC1 low group (supplementary figure 3). The difference did not reach 197 

statistical significance due to the small cohort size.    198 

 199 

The effect of all other clinical characteristics, including suboptimal/optimal debulking, 200 

monotherapy/combination therapy and TILs, on survival was also assessed to determine if 201 

there were any confounding factors influencing the survival differences due to ERCC1 202 

expression levels. Across the whole cohort, overall survival was significantly longer for the 203 

highest TILs score (score 3: n = 24, survival =147.56+16.04 months) compared to lower or 204 

absent TILs scores (range for score 0 to 2: n = 91, = 79.17 – 108.89 months, p=0.027) and 205 

Cox proportional hazard regression analysis found TILs was the only independent risk factor 206 

for survival (p=0.008)  (Supplementary tables 2 and 3).    207 

 208 

The overall survival in the neoadjuvant chemotherapy group showed a trend towards 209 

significantly longer survival in the presence of  the highest TILs score of 3. When overall 210 

survival for ERCC1 scores was corrected for TILs scores using Cox regression analysis, the 211 

increased survival in the highest expressing ERCC1 tumours remained significant (score 0: n 212 

= 6, survival = 61.5 + 22.6 months, score 3: n = 8, survival = 141.6+20.2 months , p=0.041). 213 

ERCC1 score strongly correlated with TILs score across the whole cohort (0.349, p = 1.3 x 214 

10
-4

) suggesting there is a relationship between ERCC1 expression and TILs, but this requires 215 

further investigation. 216 

 217 

Overall, the results of this study support the hypothesis that ERCC1 has potential to be a 218 

biomarker of response to platinum chemotherapy when assessed post neoadjuvant treatment. 219 

The data confirms that ERCC1 is not a predictive biomarker of response to platinum 220 
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chemotherapy when assessed in treatment naïve HGSOC tissue collected after primary 221 

cytoreductive surgery.  222 

 223 

 224 

 225 

  226 
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Discussion: 227 

Cells have developed numerous strategies to protect themselves against DNA damaging 228 

stimuli of many kinds. When it comes to cancers, these same strategies can determine the 229 

effectiveness of chemotherapeutic agents. Platinum-based chemotherapeutic agents work by 230 

damaging tumour cells via DNA cross-links. A number of proteins are involved in repairing 231 

this type of damage (eg: XPC, DDB1, DDB2, XPA, ERCC2, ERCC3, ERCC5, ERCC6), but 232 

the most heavily studied in chemoresistance is ERCC1(2) . ERCC1 is the only member of the 233 

NER DNA repair pathway that is both highly conserved and lethal if functional mutations 234 

occur (15).   235 

 236 

Previous studies reporting the relationship between ERCC1 and response to platinum 237 

chemotherapy in HGSOC have been conflicting, with high expression being associated with 238 

resistance in both cell lines and tumour tissue (10, 16-19) which was unable to be confirmed 239 

in follow-up studies (7). The majority of studies to date have assessed ERCC1 expression on 240 

tissue collected during primary cytoreductive surgery that occurs before chemotherapy 241 

treatment. Therefore, we reasoned that the discordant results may be due to the role ERCC1 242 

plays in DNA repair that is only elicited after platinum-induced DNA damage occurs. 243 

 244 

As a first step, we hypothesized that higher ERCC1 expression would be found in HGSOC 245 

treated by neoadjuvant chemotherapy compared to those treated by primary cytoreductive 246 

surgery, since the DNA damage induced by platinum would stimulate expression of ERCC1. 247 

This is the first study to compare ERCC1 in the 2 treatment groups and we confirmed the 248 

hypothesis that ERCC1 expression was higher in the neoadjuvant chemotherapy group. This 249 

result set the stage for testing of a second hypothesis: that there would be shorter survival in 250 

those patients with low/absent ERCC1 expression in the neoadjuvant cohort. 251 

 252 



 13 

 253 

Kaplan-Meier survival analysis showed ERCC1 is a predictive biomarker of overall survival 254 

in the neoadjuvant chemotherapy group. These results require confirmation in a larger cohort 255 

but based on our results, ERCC1 has potential to be a biomarker of response to platinum 256 

chemotherapy if assessed after treatment. The data herein also confirms that ERCC1 is not a 257 

predictive biomarker of response in platinum chemotherapy when assessed in treatment naïve 258 

HGSOC tissue. 259 

 260 

As a final step in our study, we reasoned that the predictive value of ERCC1 expression on 261 

survival in neoadjuvant patients would be of greater use clinically if it was independent of 262 

TILs. While drug resistance and TILs have largely different mechanisms of action, it is well 263 

documented that HGSOC have an inflamed phenotype with high TILs after platinum 264 

chemotherapy (13). Many studies have investigated location (stromal or intratumoral) and 265 

subtypes of TILs in relation to overall survival (20-23), including a recent extensive analysis 266 

of tumour and immune cell dynamics in HGSOC (24). Zhang et al (24) reported TILs and 267 

mutational processes, such as DNA repair deficiency, have prognostic interactions in 268 

HGSOC. 269 

Whilst analysis of location of TILs was not performed as part of the current study, when 270 

overall survival for ERCC1 scores was corrected for TILs scores determined as described by 271 

Madore et al (14), in the neoadjuvant cohort, the difference in survival remained significant. 272 

Further studies to determine the relationship between ERCC1 expression and the level and 273 

location of TILs would determine if a causal or biological relationship exists and if both are 274 

required for improved response to platinum chemotherapy and overall survival. 275 

 276 

The results reported herein indicate ERCC1 is a potential biomarker that can be further 277 

developed to assess the response to platinum chemotherapy in real-time during the course of 278 
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treatment. The short-term outcome of using ERCC1 as a prognostic marker post-neoadjuvant 279 

therapy would be to add further prognostic information to the clinical management of 280 

disease, ie: if a patient received neoadjuvant therapy and had low levels of ERCC1 detected 281 

in subsequent surgery this would be indicative of shorter overall survival, the clinician may 282 

decide to increase frequency and depth of patient monitoring/follow-up to detect relapse 283 

earlier as it is more likely to occur in the context of low ERCC1. In the longer-term as the use 284 

of ERCC1 as a prognostic marker is further assessed, it may result in changes to treatment of 285 

disease, ie: if low ERCC1 is detected no further platinum chemotherapy is used as it is 286 

unlikely to be successful. The short-term and long-term outcomes are hypothetical at this 287 

stage and would require extensive assessment in a larger cohort with enough statistical power 288 

to confirm the results and followed up in prospective cohort studies.   289 

 290 

  291 



 15 

Acknowledgements: 292 

The authors would like to thank the Oxfords Hockey Club, Stop Ovarian Cancer, the 293 

Cameron Family and the Hunter Medical Research Institute (Thomson Reuters ASX) for 294 

funding this project. BvZ and DG were supported by the McGuigan family in honour of their 295 

daughter Vanessa McGuigan, NAB was supported by the National Health and Medical 296 

Research Council (569317), Cancer Institute NSW (14CDF117) and Vanessa McGuigan 297 

HMRI Fellowship in ovarian cancer. Preliminary statistical analysis was performed by 298 

Hunter Medical Research Institute biostatistics team (CREDITTS). 299 

 300 

Conflict of Interest statement: 301 

The authors have no conflicts of interest to declare. 302 

 303 

Author Contributions: 304 

JS: Assisted in devising the project, confirmed the high-grade serous ovarian cancer 305 

diagnosis of all cases, scored the ERCC1 protein levels and contributed to preparing the final 306 

manuscript 307 

BvZ and DG: Optimised and performed the immunohistochemistry,  scored ERCC1, collated 308 

the patient cohort information and experimental data.  309 

GO and KJ: Collated the Hunter Gynaecological Cancer (HGC) database, collected tissue and 310 

contributed to the final manuscript 311 

JL: Contributed to the study design and the Hunter Gynaecological Cancer (HGC) database, 312 

interpretation of results and final manuscript 313 

REV: Devised tumour-infiltrating lymphocyte scoring protocol, contributed to statistical 314 

analysis and final manuscript 315 



 16 

NAB: Devised and designed project, oversight of collection and collation of data, scored 316 

ERCC1 and TILs, performed statistical analyses and wrote the manuscript.  317 



 17 

References: 318 

1. Stoyanova T, Roy N, Kopanja D, Bagchi S, Raychaudhuri P. DDB2 decides cell fate 319 

following DNA damage. Proc Natl Acad Sci U S A. 2009;106(26):10690-5. 320 

2. Bowden NA. Nucleotide excision repair: why is it not used to predict response to 321 

platinum-based chemotherapy? Cancer Lett. 2014;346(2):163-71. 322 

3. Barakat BM, Wang QE, Han C, Milum K, Yin DT, Zhao Q, et al. Overexpression of 323 

DDB2 enhances the sensitivity of human ovarian cancer cells to cisplatin by augmenting 324 

cellular apoptosis. Int J Cancer. 2010;127(4):977-88. 325 

4. van Zyl B, Tang D, Bowden NA. Biomarkers of platinum resistance in ovarian 326 

cancer: what can we use to improve treatment. Endocr Relat Cancer. 2018;25(5):R303-R18. 327 

5. Rabik CA, Dolan ME. Molecular mechanisms of resistance and toxicity associated 328 

with platinating agents. Cancer Treat Rev. 2007;33(1):9-23. 329 

6. Rosell R, Taron M, Barnadas A, Scagliotti G, Sarries C, Roig B. Nucleotide excision 330 

repair pathways involved in cisplatin resistance in non-small cell lung cancer. Cancer 331 

Control. 2003;10(4):297-305. 332 

7. Steffensen KD, Smoter M, Waldstrom M, Grala B, Bodnar L, Stec R, et al. Resistance 333 

to first line platinum paclitaxel chemotherapy in serous epithelial ovarian cancer: the 334 

prediction value of ERCC1 and Tau expression. Int J Oncol. 2014;44(5):1736-44. 335 

8. Steffensen KD, Waldstrom M, Jeppesen U, Brandslund I, Jakobsen A. Prediction of 336 

response to chemotherapy by ERCC1 immunohistochemistry and ERCC1 polymorphism in 337 

ovarian cancer. Int J Gynecol Cancer. 2008;18(4):702-10. 338 

9. Deloia JA, Bhagwat NR, Darcy KM, Strange M, Tian C, Nuttall K, et al. Comparison 339 

of ERCC1/XPF genetic variation, mRNA and protein levels in women with advanced stage 340 

ovarian cancer treated with intraperitoneal platinum. Gynecol Oncol. 2012;126(3):448-54. 341 



 18 

10. Du P, Wang Y, Chen L, Gan Y, Wu Q. High ERCC1 expression is associated with 342 

platinum-resistance, but not survival in patients with epithelial ovarian cancer. Oncol Lett. 343 

2016;12(2):857-62. 344 

11. Muallem MZ, Braicu I, Nassir M, Richter R, Sehouli J, Arsenic R. ERCC1 expression 345 

as a predictor of resistance to platinum-based chemotherapy in primary ovarian cancer. 346 

Anticancer Res. 2014;34(1):393-9. 347 

12. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA, Massobrio M, Regnani G, et al. 348 

Intratumoral T cells, recurrence, and survival in epithelial ovarian cancer. N Engl J Med. 349 

2003;348(3):203-13. 350 

13. Lo CS, Sanii S, Kroeger DR, Milne K, Talhouk A, Chiu DS, et al. Neoadjuvant 351 

Chemotherapy of Ovarian Cancer Results in Three Patterns of Tumor-Infiltrating 352 

Lymphocyte Response with Distinct Implications for Immunotherapy. Clin Cancer Res. 353 

2017;23(4):925-34. 354 

14. Madore J, Vilain RE, Menzies AM, Kakavand H, Wilmott JS, Hyman J, et al. PD-L1 355 

expression in melanoma shows marked heterogeneity within and between patients: 356 

implications for anti-PD-1/PD-L1 clinical trials. Pigment cell & melanoma research. 357 

2015;28(3):245-53. 358 

15. Gregg SQ, Robinson AR, Niedernhofer LJ. Physiological consequences of defects in 359 

ERCC1-XPF DNA repair endonuclease. DNA Repair (Amst). 2011;10(7):781-91. 360 

16. Dabholkar M, Bostick-Bruton F, Weber C, Bohr VA, Egwuagu C, Reed E. ERCC1 361 

and ERCC2 expression in malignant tissues from ovarian cancer patients. J Natl Cancer Inst. 362 

1992;84(19):1512-7. 363 

17. Ferry KV, Hamilton TC, Johnson SW. Increased nucleotide excision repair in 364 

cisplatin-resistant ovarian cancer cells: role of ERCC1-XPF. . Biochem Pharmacol. 365 

2000;60:1305-13. 366 



 19 

18. Chang I-Y, Kim M-H, Kim HB, Lee DY, Kim S-Y, Kim H-Y, et al. Small interfering 367 

RNA-induced suppression of ERCC1 enhances sensitivity of human cancer cells to cisplatin. 368 

Biochem Biophys Res Commun. 2005;327:225-33. 369 

19. Chebouti I, Kuhlmann JD, Buderath P, Weber S, Wimberger P, Bokeloh Y, et al. 370 

ERCC1-expressing circulating tumor cells as a potential diagnostic tool for monitoring 371 

response to platinum-based chemotherapy and for predicting post-therapeutic outcome of 372 

ovarian cancer. Oncotarget. 2017;8(15):24303-13. 373 

20. Ovarian Tumor Tissue Analysis C, Goode EL, Block MS, Kalli KR, Vierkant RA, 374 

Chen W, et al. Dose-Response Association of CD8+ Tumor-Infiltrating Lymphocytes and 375 

Survival Time in High-Grade Serous Ovarian Cancer. JAMA Oncol. 2017;3(12):e173290. 376 

21. Jimenez-Sanchez A, Memon D, Pourpe S, Veeraraghavan H, Li Y, Vargas HA, et al. 377 

Heterogeneous Tumor-Immune Microenvironments among Differentially Growing 378 

Metastases in an Ovarian Cancer Patient. Cell. 2017;170(5):927-38 e20. 379 

22. Lieber S, Reinartz S, Raifer H, Finkernagel F, Dreyer T, Bronger H, et al. Prognosis 380 

of ovarian cancer is associated with effector memory CD8(+) T cell accumulation in ascites, 381 

CXCL9 levels and activation-triggered signal transduction in T cells. Oncoimmunology. 382 

2018;7(5):e1424672. 383 

23. James FR, Jiminez-Linan M, Alsop J, Mack M, Song H, Brenton JD, et al. 384 

Association between tumour infiltrating lymphocytes, histotype and clinical outcome in 385 

epithelial ovarian cancer. BMC Cancer. 2017;17(1):657. 386 

24. Zhang AW, McPherson A, Milne K, Kroeger DR, Hamilton PT, Miranda A, et al. 387 

Interfaces of Malignant and Immunologic Clonal Dynamics in Ovarian Cancer. Cell. 388 

2018;173(7):1755-69 e22. 389 

  390 

  391 



 20 

Figure legends: 392 
 393 

Figure 1. ERCC1 immunohistochemistry scoring.  394 

A. ERCC1 negative, score = 0; B. ERCC1 low intensity and/or <50% cells positive, score = 395 

1; C. ERCC1 medium intensity staining and >50% cells positive, score = 2; D. ERCC1 high 396 

intensity staining and >50% cells positive, score = 3 397 

 398 

Figure 2. Tumour-infiltrating lymphocytes (TILs) immunohistochemistry scoring.  399 

A) Score 0 = no TILS present; B) score 1 = mild or moderate focal / mild multifocal; C) 2 = 400 

marked focal / moderate or marked multifocal / mild diffuse; and D) 3 = moderate or marked 401 

diffuse. 402 

 403 

 404 

Figure 3. Kaplin-Meier survival analysis of ERCC1 scores associated with neoadjuvant 405 

and adjuvant chemotherapy. 406 

A) Kaplin-Meier survival analysis determined that there was a significant difference in the 407 

distribution of survival in the ERCC1 scores in the neoadjuvant chemotherapy cases. B) No 408 

significant different in the distribution of survival between the ERCC1 scores in the adjuvant 409 

chemotherapy cases. Overall survival (months) was censored for patients that were alive at 410 

last follow-up at the time of data collection. 411 

 412 

 413 

Supplementary Figure 1. Kaplin-Meier survival analysis of ERCC1 score. 414 

Kaplin-Meier survival analysis determined that there was no significant different in the 415 

distribution of survival between the ERCC1 scores. Overall survival (months) was censored 416 

for patients that were alive at last follow-up at the time of data collection. 417 

 418 

Supplementary Figure 2. Kaplin-Meier survival analysis of low/highERCC1 score. 419 
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A) Kaplin-Meier survival analysis determined that there was a large, non-significant 420 

difference in the distribution of survival in the neoadjuvant chemotherapy group between low 421 

and high groups of ERCC1 scores. B) There was no difference in survival based on the 422 

low/high groups for the cytoreductive surgery group. Overall survival (months) was censored 423 

for patients that were alive at last follow-up at the time of data collection. 424 

 425 

 426 

 427 

 428 



Table 2. Clinical characteristics, ERCC1 and TILs score for neoadjuvant and primary 

cytoreductive surgery treated high-grade serous ovarian cancer 

  

Neoadjuvant 

Chemotherapy (n=23)  

Primary cytoreductive 

surgery (n=91) 

  Mean SD Mean SD 

Age at Diagnosis 66.43 10.77 64.64 11.32 

Stage 2.00 1.94 3.05 1.24 

Grade 2.45 0.91 2.60 0.79 

Overall Survival (Months) 55.18 48.00 65.46 47.07 

Disease Free Survival 

(Months) 11.38 5.60 18.64 11.14 

ERCC1 Score 1.61 1.16 0.79*** 0.83 

TIL score 1.57 1.24 1.30 1.02 

*** p<0.0001 2-tailed t-test neoadjuvant chemotherapy compared to adjuvant chemotherapy 
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Table 1. Demographic and clinical characteristics of high-grade serous ovarian cancer 

cohort. 

 

  
Number Percentage (%) 

Cohort   115 100 

Age (mean)   65 + 11   

        

Stage NS 6 5.2 

  I 7 6.1 

  II 3 2.6 

  III 86 74.8 

  IV 13 11.3 

        

Grade 0 8 7 

  1 2 1.7 

  2 24 20.9 

  3 81 70.4 

        

Primary Treatment 
Neoadjuvant 

chemotherapy 
23 20 

  

Cytoreductive 

surgery 
92 80 

    

    

Cytoreductive Surgery Optimal 73 63.5 

  Suboptimal 27 23.5 

  Unknown 15 13 

    

        

Overall Survival (months)   63 + 47   

Disease-free survival 

(months)   
17 + 11 

  

Alive at last follow-up   60   

        

ERCC1 scores 0 44 38.3 

  1 43 37.4 

  2 17 14.8 

  3 11 9.6 

        

TILS Scores 0 28 24.3 

  1 42 36.5 

  2 21 18.3 

  3 24 20.9 
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Supplementary Table 1. Mean survival time for ERCC1 and TILs expression levels in 

whole HGSOC cohort 

 

ERCC1 

Score 

Mean 

Survival 

Estimate 

Std. 

Error 

95% Confidence Interval    

Lower Bound Upper Bound 2
 df P-value 

0 97.238 10.331 76.990 117.486 

3.009 3 0.39 
1 84.096 10.923 62.687 105.504 

2 88.029 13.009 62.532 113.526 

3 126.110 24.746 77.608 174.612 

        

TILs 

Score 

Mean 

Survival 

Estimate 

Std. 

Error 

95% Confidence Interval    

Lower Bound Upper Bound 2 df P-value 

0 79.168 11.383 56.858 101.478 

9.172 3 0.027 
1 74.376 10.870 53.070 95.682 

2 108.893 14.618 80.242 137.543 

3 147.561 16.035 116.133 178.990 
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Supplementary Table 2. Cox proportional hazard regression analysis for independent 

risk factors affecting overall survival  
 

 

B SE Wald df Sig. Exp(B) 

Age .033 .021 2.503 1 .114 1.033 

Stage .242 .184 1.733 1 .188 1.273 

Grade -.479 .342 1.956 1 .162 .620 

ERCC1 Score .232 .360 .415 1 .520 1.261 

TILs Score -.961 .364 6.966 1 .008 .383 
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Highlights: 
 
 

 ERCC1 is expressed 2-fold higher after platinum chemotherapy 

 Significantly longer survival of patients with high ERCC1 after platinum 
chemotherapy  

 Tumour-infiltrating lymphocytes associated with high ERCC1 

 Potential for ERCC1 to be a prognostic marker of response to platinum 
chemotherapy 

*7. Highlights (for review)
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