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1. Abstract
1.1. Background 

During the last two decades, there is a constant search for new ther-
apeutic options for colorectal cancer (CRC). We evaluated PubMed 
literature on CRC different treatment options during the past two de-
cades. Special attention was attributed to specific treatment options 
according to biological markers. 

1.2. Methods

We have queried PubMed for all available CRC-related entries pub-
lished during 2000-2020. For each entry we retrieved the title, ab-
stract, and keywords. A gastrointestinal specialist and a CRC oncol-
ogy specialist decided in consensus on a list of  terms to classify en-
tries. The terms belonged to seven treatment groups: chemotherapy, 

biologic, surgery, immunotherapy, radiation, dietary or complemen-
tary medicine (CAM) and microbiota modulation. Sub-analyses were 
performed for disease stages and genetic mutations. Annual trends 
of  publications during 2000-2020 were plotted for different treat-
ment types and sub-analyses.

1.3. Results

Overall, 162,196 CRC related entries were published between 2000 
and 2020. Surgical treatment showed the highest number of  publica-
tions (18.5%), followed by chemotherapy (14.3%), radiation (5.8%), 
diet/CAM (5.0%), biologic (3.8%), microbiome research (1.4%), and 
immunotherapy (0.1%). Sub-analysis by mutation types showed that 
for KRAS, NRAS, BRAF, EGFR and HER2 main research topics 
were first biologic and second chemotherapy treatments. For MSI, 
MMR, main research topics were surgery, chemotherapy, and immu-
notherapy treatments.
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1.4. Conclusions

We observed publication trends in CRC treatment over the past two 
decades. These decades, and mainly the last one, certainly deserve 
the reference as the “personalized medicine era”. During the last ten 
years, we see a clear and steep elevation in specific patient-custom-
ized treatment publications.

2. Introduction
Colorectal cancer (CRC) is one of  the leading causes of  cancer-re-
lated deaths worldwide. This disease accounted for almost 10% of  
all cancer cases and 8.5% of  total cancer deaths. The incidence of  
CRC is expected to rise by up to 60% by 2030 and reach 2.2 mil-
lion new cases and 1.1 million deaths per year [1,2].  In the United 
States, CRC is the second leading cause of  cancer related death in 
men and women and accounts for yearly health care costs of  ap-
proximately 14 billion USD [3]. During the last two decades, there is 
a continual improvement in patients’ prognosis [2]. At least part of  
this improvement results from new treatment strategies and thera-
peutic options, many of  which target specific signaling pathways and 
biological markers [4]. Available data in literature diverse extensively, 
and includes clinical studies exploring various treatment options tar-
geted explicitly at disease biological markers. Despite the important 
advancement in therapeutic options, almost 50% of  patients suffer-
ing from CRC experience tumor recurrence [5]. These high recur-
rence rates affect survival and pose an important therapeutic goal 
of  maintaining long-term disease remission after achieving complete 
remission [5]. Thus, treatment strategies aim to achieve clinical re-
mission and prevent recurrence in patients with localized disease [6]. 
Naturally, in patients with disseminated disease, initial goals differ 
according to disease severity [6]. Text mining is a computational 
method that enables a broad-scale data extraction [7]. This method 
excerpt information from texts using computational statistical modes 
[7]. Text mining can be employed to characterize trends and explore 
dynamics in research fields [8-11]. We applied text-mining to evaluate 
published literature on CRC different treatment options during the 

past two decades. Special attention was attributed to specific treat-
ment options according to biological markers. 

3. Methods
3.1. Dataset

The U.S. National Center for Biotechnology Information (NCBI) 
provides public application programming interfaces (APIs) that al-
low programmatic access to the PubMed database. We have used the 
publicly available PyMed Python package to query the PubMed API. 
The following data were extracted for each entry: PubMed unique 
article ID (PMID), title, publishing journal, abstract text, keywords 
(if  any), and authors’ affiliations. Data were collected up until May 
12, 2021.

3.2. Inclusion Criteria

The entire MEDLINE/PubMed database was used as the source for 
this article. We retrieved all available colorectal cancer related entries. 
The search was conducted in entries’ titles, abstracts, and keywords 
using the terms “CRC” OR combinations using the terms "colorec-
tal", "colon", "rectal" and the terms "cancer", "malignancy", "carci-
noma", "adenocarcinoma". We have limited the entries to publica-
tions between January 1, 2000, to December 31, 2020.

3.3. Data Processing

The data processing and result visualization were written in Python 
(Ver. 3.6.5, 64 bits).  A gastrointestinal specialist (AL) and an oncol-
ogy specialist (BB) decided on consensus list of  terms to classify en-
tries (Table 1). The terms belonged to seven treatment groups: Che-
motherapy, Biologic, Surgery, Immunotherapy, Radiation, Dietary or 
Complementary medicine (CAM) and microbiota modulation. Each 
entry was categorized by querying the title, abstract, and keywords 
for terms belonging to the treatment groups. Entries could belong 
to more than one group. Sub-analyses were performed for different 
conditions. This was done by querying the entries for disease stages 
(Table 2) and genetic mutations (Table 3). 

Table 1: List of  terms used to classify entries into seven treatment groups: Chemotherapy, Biologic, Surgery, Immunotherapy, Radiation, Microbiome al-
tering, and Dietary or Complementary medicine (CAM).

Chemotherapy
5FU, 5-FU, Fluorouracil, Capecitabine, FOLFOX, OxMdG, mFOLFOX, Oxaliplatin, Irinotecan, Leucovorin, IROX, Roswell 
Park, AVEX, Trifluridine, Tipiracil, CAPOX, xeloda, adjuvant, neoadjuvant

Biologic
Bevacizumab, Cetuximab, Panitumumab, Encorafenib, Regorafenib, Larotrectinib, Entrectinib, Ziv-aflibercept, 
Ramucirumab, Trastuzumab, Pertuzumab, Lapatinib, Deruxtecan

Surgery

Surgery, Surgical treatment, Surgical therapy, Colectomy, Sigmoidectomy, 
Abdominoperineal resection, Low anterior resection, Total neoadjuvant therapy, Total mesorectal excision, 
Cytoreductive Surgery, Hyperthermic intraperitoneal chemotherapy, Oligometastatic, Hepatectomy, Metastasectomy, APR, 
LAR, TNT, TME, CRS, HIPEC

Immunotherapy Pembrolizumab, Nivolumab, Ipilimumab

Radiation
Radiotherapy, Chemoradiation, Chemo-radiation, Short-course, Long-course, Radio-frequency ablation, Stereotactic body 
radiation, Chemoembolization, SBRT

Microbiome
Microbiome", Microbiota, Fusobacterium, F.nucleatum, Fusobacterium nucleatum, Genotoxic e.coli, bacteroides fragilis, 
Probiotic, Prebiotic

Diet Diet, Nutrition

CAM
Cannabis, Marijuana, Rick simpson, Tetrahydrocannabinol, Cannabinol, Complementary medicine, Alternative medicine, 
Curcumin, Turmeric, Herbal, Herbs
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Table 2: List of  terms used to classify entries into four disease stages.
stage 1, stage i
stage 2, stage ii
stage 3, stage iii
stage 4, stage iv

Table 3: List of  terms used to classify entries into seven biologic markers.

MSI, microsatellite instability
MMR, mismatch repair
EGFR, epidermal growth factor receptor
HER2, HER-2, HER 2, human epidermal growth factor receptor 2
KRAS, K-Ras, k-ras
NRAS, neuroblastoma ras viral oncogene homolog
BRAF, B-RAF, b-raf

3.4. Statistical Analysis

All analyses were conducted with Python (Python software foun-
dation, Version 3.6.5). Statistical significance was established at a 
2-sided P < .05. Descriptive statistics were reported using counts 
with percentages for categorical variables. Annual trends of  publi-
cations for 2000-2020 were plotted for different treatment types and 
sub-analyses. The slopes of  publication trends were calculated by fit-
ting linear regression lines to the annual number of  publications in 
the years 2000-2020 (with X being calendar year and Y being annual 
publications count). P-values and standard errors (SE) were calculat-
ed for the linear regression lines.

4. Results
Out of  31,850,051 PubMed entries available, 201,952 (0.6%) were 
CRC related (Figure 1). 162,196 / 201,952 (80.3%) of  the entries 
were published between 2000 and 2020.

4.1. Publication Trends

Trends of  CRC publications by treatment types are presented in Fig-
ure 2. Surgical treatment showed the highest number of  total publi-
cations 30,033 / 162,196 (18.5%), followed by chemotherapy 23,202 
/ 162,196 (14.3%), radiation 9348 / 162,196 (5.8%), diet/CAM 8,074 
/ 162,196 (5.0%), biologic 6,149 / 162,196 (3.8%), microbiome re-
search 2267 / 162,196 (1.4%), and immunotherapy 190 / 162,196 

(0.1%). The slope of  the trend of  surgical treatment was also the 
steepest (112.3±5.8 publications/year, p<0.001), followed by che-
motherapy (66.82.9 publications/year, p<0.001), radiation (34.7±1.7 
publications/year, p<0.001), biologic (30.7±2.3 publications/year, 
p<0.001), diet/CAM (23.7±1.2 publications/year, p<0.001), micro-
biome (18.9±2.7 publications/year, p<0.001), and immunotherapy 
(4.4±1.1 publications/year, p=0.002). Sub-analysis by disease stages 
(Figures 3 A-D) showed that for stage I, treatment types included 
mainly surgical treatment 492 / 1148 (42.9%), followed by chemo-
therapy 21.7% and radiation 10.4%.

For both stage II and stage III, treatment types mainly included che-
motherapy (stage II 1104/2916, 55.7%, stage III 1569/2819, 53.3%), 
followed by surgery (stage II 37.4%, stage III 37.9%) and radiation 
(stage II 16.2%, stage III 11.1%). For stage IV, main treatment types 
included surgery 814 / 1896 (42.9%), chemotherapy 24.9%, radiation 
8.3% and biologic treatment 8.0%. Sub-analysis by mutation types 
(Figures 4 A-G) showed that for KRAS, NRAS, BRAF, EGFR and 
HER2 main research topics were first biologic and second chemo-
therapy treatments. For MSI, MMR, main research topics were sur-
gery, chemotherapy, and immunotherapy treatments. Table 4 pres-
ents the total number of  publications related to immunotherapy and 
biologic treatment, stratified by mutation type.

Figure 1: Study inclusion chart.
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Figure 2: Trends of  colorectal cancer (CRC) publications during 2000-2020, grouped by treatment type: Chemotherapy, Biologic, Surgery, Immunotherapy, 
Radiation, Microbiome altering, and Dietary or Complementary medicine (CAM).
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Figures 3 A-D: Trends of  colorectal cancer (CRC) publications during 2000-2020, grouped by treatment types, stratified by disease stage: I – IV.
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Figures 4 A-G: Trends of  colorectal cancer (CRC) publications during 2000-2020, grouped by treatment types, stratified by biologic markers: A - microsatel-
lite instability (MSI); B – mismatch repair (MMR); C – epidermal growth factor receptor (EFGR); D – human epidermal growth factor receptor 2 (HER-2); 
E - KRAS; F - NRAS; G – BRAF. 

Table 4: Overall number of  publications related to biologic and immunotherapy treatment in different mutations.

Biologic marker Immunotherapy publications (N) Biologic treatment publications (N)

MSI 100 90

MMR 85 56

EGFR 13 2051

HER-2 7 210

KRAS 10 1385

NRAS 1 165

BRAF 15 529

5. Discussion
While the 5 – years survival rates are approaching 90% for patients 
with an early CRC stage, they decrease to less than 10% in patients 
with disseminated disease and distant metastases [12]. This dismal 
prognosis emphasizes the need for better patient stratification and 
identifying biomarkers to improve and navigate therapeutic decisions. 

Thus, in recent years, as understanding the mechanism behind car-
cinogenesis and the mutual influence of  gene mutations and epigen-
etic modifications on cancer development and progression widened, 
individual personalized treatment based on the presence or absence 
of  specific genetic biomarkers became common [13-18]. 

Simultaneously, major progress was achieved in developing particular 
biologic therapies aimed at specific gene mutations [13-18]. Thus, 
while for early disease stage surgery remained the first and major 
therapeutic option, advanced stages are now treated with specific 
mutations-based treatment [6]. Furthermore, with the growing em-
phasis on personalized medicine, complementary and lifestyle mod-
ifications in addition to conventional therapy gathered popularity in 
CRC treatment [19,20]. In our current study, we applied a text mining 
approach to observe and analyze CRC treatment publications in the 

past two decades, aiming to achieve some comprehensions regard-
ing treatment trends and development over the years. Hence, 80% 
of  the literature published on CRC treatment was issued in the last 
two decades, increasing each year. Surgical treatment was the most 
studied treatment, comprising 18.5% of  all treatment publications. 
Surgical therapy also showed the steepest slope (112.3 publications/
year, p<0.001), which indicates the most rapid growth in publications 
rate. There is a clear increase in biologic therapy publications in stage 
IV, with the highest increase since 2010. This, too, represents current 
guidelines for treating disseminated disease [13-15] and the progress 
achieved in the last decade. An interesting trend that clearly emerg-
es from our data is the steady rise along the years in the study of  
complementary medicine and diet modifications for CRC treatment. 
This reflects the holistic approach towards the treatment of  malig-
nant diseases. As patients’ well-being during therapy and the under-
standing of  the importance of  full commitment and involvement 
of  the patient in therapeutic decisions, CAM and nutrition became 
more acceptable as supplementary treatment and now are an integral 
part of  the management in many oncologic institutions. According 
to current literature, up to 51% of  cancer patients use CAM during 
their treatment [21, 22]. Younger age, high education, high income, 
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and female gender are independent predictors of  CAM treatment 
[22]. Most patients use CAM to improve their general health and 
response to treatment and to treat therapy’s adverse effects [22]. One 
of  the most studied therapeutic option in this aspect is medical mar-
ijuana.  Cannabis therapy is now among the first palliative treatments 
offered to patients in many cases [23-27]. Further sub-analysis was 
performed according to mutation type. As shown in Figures 4 A-G, 
biologic therapy was the most studied subject for mutations EGFR, 
HER-2, KRAS, NRAS, and BRAF. In most mutation types, there is 
an impressive and significant increase in publications during the last 
decade. This reflects the clear direction of  individualized medicine, 
which became more prevalent and a common practice during the 
last ten years, along with the approval of  various specific treatments. 
Thus, in 2008- the significance of  KRAS to anti EGFR treatment 
was established and approved [28], and in 2020 the treatment of  
BRAF inhibitors combined with anti EGFR became available [29]. 
For the biological markers MSI- H and MMR, the most studied treat-
ment options during the last two decades were first chemotherapy 
followed by surgical treatment. However, since 2016, there is a steep 
increase in publications assessing immunotherapy- along with the 
approval of  immunotherapy to MMR in 2017 [30]. This, again, em-
phasizes the progression in the understanding of  tumor biology and 
focusing on personalized medicine. Our study has limitations. This 
analysis only provides a high-level look at the field. The sheer num-
ber of  publications prohibits a manual analysis of  the records. A list 
of  terms was determined based on current data in the literature and 
consensus between a senior oncologist specialist in CRC and a senior 
gastroenterologist. However, different terms might have achieved 
different results. The data was extracted from MEDLINE/Pubmed. 
Other options as google scholar were not included and might have 
reached different results. In conclusion, in our current study, we ob-
served publication trends in CRC treatment over the past two de-
cades. According to our findings, these decades, and mainly the last 
one, certainly deserve the reference as the “personalized medicine 
era”. During the last ten years, we see a clear and steep elevation 
in specific patient-customized treatment publications. As more data 
regarding cancer pathogenesis accumulated, the understanding of  
specific mechanisms for carcinogenesis gradually intensified, and the 
ability to treat specific mutations and reach better therapeutic results 
increased accordingly. Furthermore, the steady increase in CAM and 
nutritional therapy also falls under personalized medicine as we per-
ceive its’ wider meaning.  This therapeutic method values patients’ 
preferences and regard at the patient in holistic eye; Thus, enabling 
tailor-made specific combined therapeutic approach to each patient. 
We predict this trend will further increase in the upcoming years.
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