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SUMMARY 32 

Presented here is a protocol to build nomograms based on the Cox proportional hazards 33 

regression model and competing risk regression model. The competing method is a more 34 

rational method to apply when competing events are present in the survival analysis. 35 

 36 

ABSTRACT 37 

The Kaplan–Meier method and Cox proportional hazards regression model are the most 38 

common analyses in the survival framework. These are relatively easy to apply and interpret 39 

and can be depicted visually. However, when competing events (e.g., cardiovascular and 40 

cerebrovascular accidents, treatment-related deaths, traffic accidents) are present, the 41 

standard survival methods should be applied with caution, and real-world data cannot be 42 

correctly interpreted. It may be desirable to distinguish different kinds of events that may 43 

lead to the failure and treat them differently in the analysis. Here, the methods focus on 44 
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using the competing regression model to identify significant prognostic factors or risk 45 

factors when competing events are present. Additionally, nomograms based on a 46 

proportional hazard regression model and a competing regression model are established to 47 

help clinicians make individual assessments and risk stratifications in order to explain the 48 

impact of controversial factors on prognosis. 49 

 50 

INTRODUCTION 51 

The time to event survival analysis is quite common in clinical studies. Survival data measure 52 

the time span from the start time until the occurrence of the event of interest, but the 53 

occurrence of the event of interest is often precluded by another event. If more than one 54 

type of end point is present, they are called competing risks end points. In this case, the 55 

standard hazard analysis (i.e., Cox proportional cause-specific hazards model) often does 56 

not work well because individuals experiencing another type of event are censored. 57 

Individuals who experience a competing event often remain in the risk set, as the competing 58 

risks are usually not independent. Therefore, Fine and Gray1 studied the regression model 59 

estimation for the sub distribution of a competing risk. In a competing risk setting, three 60 

different types of events can be discriminated.  61 

 62 

One measures overall survival (OS) by demonstrating a direct clinical benefit from new 63 

treatment methods for a disease. OS measures the survival time from time of origin (i.e., 64 

time of diagnosis or treatment) to the time of death due to any cause and generally 65 

evaluates the absolute risk of death, thereby failing to differentiate the causes of death (e.g., 66 

cancer-specific death (CSD) or non-cancer-specific death (non-CSD))2. OS is, therefore, 67 

considered as the most important endpoint. The events of interest are often cancer related, 68 

while the non-cancer-specific events, which include heart disease, traffic accidents or other 69 

unrelated causes, are considered competing events. Malignant patients with a favorable 70 

prognosis, who are expected to survive longer, are often at a greater risk of non-CSD. That is, 71 

the OS will be diluted by other causes of death and fail to correctly interpret the real 72 

effectiveness of clinical treatment. Therefore, OS may not be the optimal measure for 73 

accessing the outcomes of disease3. Such biases could be corrected by the competing risk 74 

regression model2,3.  75 

 76 

There are two main methods for competing risk data: cause-specific hazard models (Cox 77 

models) and subdistribution hazard models (competing models). In the following protocol, 78 

we present two methods to generate nomograms based on the cause-specific hazard model 79 

and the subdistribution hazard model. The cause-specific hazard model can be made to fit in 80 

the Cox proportional hazards model, which treats subjects who experience the competing 81 

event as censored at the time that the competing event occurred. In the subdistribution 82 

hazard model that was introduced by Fine and Gray1 in 1999, three different types of events 83 

can be discriminated, and individuals who experience a competing event remain at the risk 84 

set forever. 85 

 86 

A nomogram is a mathematical representation of the relationship between three or more 87 

variables4. Medical nomograms consider biological and clinical event as variables (e.g., 88 



tumor grade and patient age) and generate probabilities of a clinical event (e.g., cancer 89 

recurrence or death) that is graphically depicted as a statistical prognostic model for a given 90 

individual. Generally, a nomogram is formulated based on the results of the Cox 91 

proportional hazards model5-10. 92 

 93 

However, when competing risks are present, a nomogram based on the Cox model might 94 

fail to perform well. Though several previous studies11-14 have applied the competing risk 95 

nomogram to estimate the probability of CSD, few studies have described how to establish 96 

the nomogram based on a competing risk regression model, and there is no existing 97 

package available to accomplish this. Therefore, the method presented below will provide a 98 

step-by-step protocol to establish a specific competing-risk nomogram based on a 99 

competing risk regression model as well as a risk score estimation to aid clinicians in 100 

treatment decision-making. 101 

 102 

PROTOCOL 103 

The research protocol was approved by the Ethics Committee of Jinhua Hospital, Zhejiang 104 

University School of Medicine. For this experiment, the cases were obtained from the 105 

Surveillance, Epidemiology, and End Results (SEER) database. SEER is an open-access 106 

database that includes demographic, incidence and survival data from 18 population-based 107 

cancer registries. We registered on the SEER website and signed a letter of assurance to 108 

acquire the research data (12296-Nov2018). 109 

 110 

1. Data source  111 

 112 

1.1. Obtain cases from the databases as well as permission (if any) to use the cases from the 113 

registries.  114 

 115 

NOTE: The cohort data are uploaded in Supplementary File 1. Readers who already have 116 

survival data with competing risks can skip this section. 117 

 118 

2. Installing and loading packages and importing data 119 

 120 

NOTE: Perform the following procedures based on R software (version 3.5.3) using the 121 

packages rms15 and cmprsk16 (http://www.r-project.org/). 122 

 123 

2.1. Install rms and cmprsk R packages. 124 

>install.packages("rms") 125 

>install.packages("cmprsk") 126 

 127 

2.2 Load the R packages. 128 

>library("rms") 129 

>library("cmprsk") 130 

 131 

2.3. Import the cohort data. 132 

http://www.r-project.org/


>Dataset<-read.csv("…/Cohort Data.csv") # cohort data is the example  133 

 134 

3. Nomogram based on the Cox Proportional Hazards Regression model 135 

 136 

3.1 Establish the Cox Proportional Hazards Regression model. 137 

 138 

NOTE: The independent variables (X) include categorical variables (dummy variables, such as 139 

race) and continuous variables (such as age). The factors significant in the univariable 140 

analysis will be selected for the use in multivariable analysis.  141 

 142 

3.1.1. Fit the Cox proportional hazards model to the data. Establish the Cox proportional 143 

hard regression model using the function cph. The simplified format in R is shown below: 144 

> f0 <- cph(Surv(Survivalmonths, status) ~ factor1+ factor2+…,  145 

x=T, y=T, surv=T, data=Dataset)  146 

 147 

NOTE: Death was set as the status in the example code. 148 

 149 

3.2 Develop a Cox Regression Nomogram using the commands detailed below. 150 

> nom <- nomogram(f0, fun=list(function(x) surv(24, x)…), funlabel=c(“2-year predicted 151 

survival rate”…), maxscale=100, fun.at) 152 

> plot (nom) 153 

 154 

NOTE: Take the 2-year predicted survival rate as an example. 155 

 156 

4. Nomogram based on the Competing Risk Regression Model 157 

 158 

4.1 Establish the Competing Risk Regression Model. 159 

 160 

4.1.1. Fit the competing risk regression model. Readers could include the factors that they 161 

consider important, this step could be skipped. In the example, the factors significant in the 162 

univariable analysis are included. 163 

 164 

NOTE: The censoring variable is coded as 1 for the event of interest and as 2 for the 165 

competing risk event. To facilitate the analysis, Scrucca et al.17 provide an R function 166 

factor2ind(), which creates a matrix of indicator variables from a factor.  167 

 168 

4.1.2. For categorical variables, carefully code them numerically when including them in the 169 

competing model. That is, for a categorical variable made of J levels, create J-1 dummy 170 

variables or indicator variables.  171 

 172 

4.1.3. To establish a competing risk regression model, first place prognostic variables into 173 

a matrix. Use the function cbind() to concatenate the variables by columns and fit them into 174 

the competing regression model. 175 

>x <-cbind(factor2ind(factor1, "1"), factor2ind(factor2, "1")…) 176 



> mod<- crr (Survivalmonths, fstatus, failcode=1 or 2, cov1=x) 177 

 178 

 179 

4.2 Plot the competing nomogram 180 

 181 

NOTE: The beta value (β value) is the regression coefficient of a variate (X) in the formula of 182 

the Cox proportional hazards regression. The X.score (comprehensive effect of the 183 

dependent variable) and X.real (at special timepoints, for example, 60 months, to predict the 184 

cumulative incidence function) are calculated from the Cox regression model and then, a 185 

nomogram is established. 186 

 187 

4.2.1 Use the function nomogram to construct Cox nom (as listed in step 3.2). 188 

 189 

4.2.2 Replace X.beta and X.point as well as total.points, X.real, and X.score of the 190 

competing risk regression model. 191 

 192 

4.2.2.1 Get the baseline cif, that is cif(min). See Supplementary file 2 for details. 193 

> x0=x 194 

> x0 <- as.matrix(x0) 195 

> lhat <- matrix(0, nrow = length(mod$uftime), ncol = nrow(x0)) 196 

> for (j in 1:nrow(x0)) lhat[, j] <- cumsum(exp(sum(x0[j, ] * mod$coef)) * mod$bfitj) 197 

> lhat <- cbind(mod$uftime, 1 - exp(-lhat)) 198 

> suv<-as.data.frame(lhat) 199 

> colnames(suv)<- c("time") 200 

> line24<-which(suv$time=="24") 201 

> cif.min24<-suv[line24,which.min(suv[line24,])] 202 

 203 

4.2.2.2 Replace the X.beta and X.point. 204 

> lmaxbeta<-which.max(abs(mod$coef)) 205 

> maxbeta<-abs(mod$coef[lmaxbeta]) 206 

> race0<-0 207 

> names(race0)<-"race:1" 208 

> race.beta<-c(race0,mod$coef[c("race:2","race:3")]) 209 

> race.beta.min<-race.beta[which.min(race.beta)] 210 

> race.beta1<-race.beta-race.beta.min 211 

> race.scale<-(race.beta1/maxbeta*100) # how the scale is calculated 212 

> nom$Race$Xbeta<-race.beta1 213 

> nom$Race$points<-race.scale 214 

 215 

NOTE: Take race as an example. 216 

 217 

4.2.2.3 Replace the total X.point and X.real.  218 

> nom$total.points$x<-c(0,50,100, …)  219 

> real.2y<-c(0.01,0.1,0.2 ,…)  220 



 221 

NOTE: Replacements are according to the minimax value. 222 

 223 

4.2.2.4 Calculate the X.score and plot the nomogram. 224 

> score.2y<-log(log((1-real.2y),(1-cif.min24)))/(maxbeta/100)  225 

> nom$`2-year survival`$x<-score.2y 226 

> nom$`2-year survival`$x.real<-real.2y 227 

> nom$`2-year survival`$fat<-as.character(real.2y) 228 

> plot(nom) 229 

 230 

NOTE: X.score=log(log((1-X.real),(1-cif0)))/(maxbeta/100). The equations for the X.score 231 

and X.real relationship can be calculated according to the intrinsic attribution of the 232 

competing model(crr). Cif0 means baseline cif, which will be calculated by the predict.crr 233 

function. 234 

 235 

5. Subgroup analysis based on the Group Risk Score (GRS) 236 

 237 

5.1 Calculate the risk score (RS) 238 

 239 

NOTE: Calculate the risk score for each patient by totalling the points of every variable. 240 

Cut-off values are used to classify the cohort. Taking 3 subgroups as an example, use the 241 

package meta to draw a forest plot. 242 

 243 

5.1.1 Install and load the R packages 244 

> install.packages("meta") 245 

> library("meta") 246 

 247 

5.1.2 Obtain the GRS and divide the cohort into 3 subgroups. 248 

> d1<-Dataset 249 

> d1$X<-nom$X$points 250 

> #For example, d1$race[d1$race==1]<-nom$race$point[1] 251 

> d1$RS<-d1$race + d1$marry + d1$histology + d1$grademodify + d1$Tclassification + 252 

d1$Nclassification 253 

> d1$GRS<- cut(d1$RS, quantile(d1$RS, seq(0, 1,1/3)), include.lowest = TRUE, labels = 1:3) 254 

 255 

5.1.3 Draw the forest plot. Get the HR, LCI and UCI via the function crr. 256 

> subgroup<-crr(ftime, fstatus, cov1, failcode=1)  257 

> HR<- summary(subgroup)$conf.int[1] 258 

> LCI<- summary(subgroup)$conf.int[3] 259 

> UCI<- summary(subgroup)$conf.int[4] 260 

> LABxx<-c("Low Risk", "Median Risk", "High Risk") 261 

> xx<-metagen(log(HR), lower = log(LCI), upper = log(UCI), studlab = LABxx, sm = "HR") 262 

> forest(xx, col.square = "black", hetstat =TRUE, leftcols = "studlab") 263 

 264 



REPRESENTATIVE RESULTS 265 

Survival characteristics of the example cohort 266 

In the example cohort, a total of 8,550 eligible patients were included in the analysis and the 267 

median follow-up time was 88 months (range, 1 to 95 months). A total of 679 (7.94%) 268 

patients were younger than 40 years old and 7,871 (92.06%) patients were older than 40. At 269 

the end of the trial, 7,483 (87.52%) patients were still alive, 662 (7.74%) died because of 270 

breast cancer, and 405 (4.74%) patients died because of other causes (competing risks).  271 

 272 

Comparison of two survival models 273 

The cumulative incidences of tumor death/no tumor death and competing events were 274 

calculated by the Kaplan-Meier method and the competing risk regression function, 275 

respectively (presented in Figure 1). As shown in Figure 1, the sum of the cumulative 276 

incidences of tumor death and no tumor death as calculated by the Kaplan-Meier method 277 

was higher than the sum of the estimates of all causes of death, which was equal to the 278 

cumulative incidence of CSD when the competing method was used. Clearly, the 279 

Kaplan-Meier method overestimated the cumulative incidence of tumor death and no tumor 280 

death. The competing method could correct its overestimation of the probability of death. 281 

 282 

Nomogram based on the Cox proportional hazards regression model 283 

A nomogram was constructed based on significant factors as shown in Figure 2A and Table 1. 284 

This included marital status, race, histological type, differentiated grade, T classification, and 285 

N classification.  286 

 287 

Nomogram based on the competing risk regression model 288 

A competing nomogram based on multiple factors, including race, marital status, histological 289 

type, differential grade, T classification, and N classification was constructed (Figure 2B). The 290 

beta-coefficients from the model were used for the allocation of scale (Table 1).  291 

 292 

Stratification analysis by the risk score  293 

Based on the risk score, the cohort was classified into three subgroups: low risk score: 0-44; 294 

medium risk score: 45-85; and high-risk score: 86-299. The forest plot could clearly present 295 

the interaction between the GRS and the specific factor (age) (Figure 3). Based on the GRS 296 

classification, the worse prognosis of young women only appeared in the low-risk subgroup 297 

and young age may act as a protective factor of prognosis in medium- and high-risk 298 

subgroups. 299 

 300 

FIGURE LEGENDS 301 

Figure 1: Stacked cumulative incidence plot. K-M: Cumulative incidences based on 302 

Kaplan-Meier estimates; CR: Cumulative incidences based on cumulative incidence 303 

competing risk estimates; Tumor death + no tumor death (K-M): sum of estimates of the 304 

cumulative incidence of cancer specific death and non-cancer specific death; CSD + non-CSD 305 

(CR): sum of estimates of cancer-specific death and non-cancer-specific death when the CR 306 

method was used. 307 

 308 



Figure 2: Nomograms of the Cox proportional hazards regression model and competing 309 

risk regression model. (A) Nomogram based on the Cox proportional hazards regression 310 

model. (B) Nomogram based on the competing risk regression model. For application of the 311 

nomograms, each variable axis shows an individual risk factor, and the line drawn upwards is 312 

used for the determination of the points of each variable. Then, the total points are 313 

calculated to obtain the probability of 2-, 3- and 5-year cancer-specific survival or cumulative 314 

incidence function (CIF). Race: 1=white, 2=black, 3=other; Marital status: 1=married, 2= 315 

single (never married or domestic partner), 3= divorced (separated, divorced, widowed); 316 

Histological type: 1=infiltrative duct cancer, 2= infiltrative lobular cancer, 3= infiltrating duct 317 

and lobular carcinoma; Tumor grade: 1= well differentiation, 2= moderate differentiation; 3= 318 

poor differentiation. T and N classification was according to the 7th AJCC TNM staging 319 

system. 320 

 321 

Figure 3: Forest plot of stratification analysis by the risk score for the probability of breast 322 

cancer-specific death in younger and older women with breast cancer.  323 

(HR: hazard ratio) 324 

 325 

Table 1: Point assignment and prognostic score in the nomogram based on Cox the 326 

proportional hazards regression model and competing risk regression model. 327 

 328 

DISCUSSION 329 

The overall goal of the current study was to establish a specific competing-risk nomogram 330 

that could describe real-world diseases and to develop a convenient individual assessment 331 

model for clinicians to approach treatment decisions. Here, we provide a step-by-step 332 

tutorial for establishing nomograms based on the Cox regression model and competing risk 333 

regression model and further performing subgroup analysis. Zhang et al.18 introduced an 334 

approach to create a competing-risk nomogram, but the main concept of the methodology 335 

described in the paper is totally different. The methods of Zhang et al. first transformed the 336 

original data to weighted data by the crprep() function in the mstate package19, and then 337 

drew the nomogram by the rms package. However, the core concept of the method is totally 338 

different from that. Simply put, we replace the parameters generated by cph with the 339 

outcome of the function crr and then draw a competing-risk nomogram in the frame of the 340 

Cox nomogram. In this method, the Cox nomogram is more like a frame. 341 

 342 

Malignant patients with a favorable prognosis who are expected to have a longer survival 343 

with cancer are at a greater risk of non-cancer-specific death. Their OS will be largely diluted 344 

by the incidence of non-CSD, as shown in Figure 1. Taking patients with stage II colon 345 

cancer13 as an example, if we take no account of causes of cancer in generating curves of all 346 

causes of death according to the Kaplan-Meier method, such curves would be largely 347 

affected by the cumulative incidence of non-CSD rather than the cumulative incidence of 348 

CSD.  349 

 350 

The standard Cox model for the assessment of covariates would definitely lead to incorrect 351 

and biased results (for example, for chemotherapy in stage II colon cancer13, chemotherapy 352 
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was a protective factor for OS). The bias could be corrected by the competing risk regression 353 

method, especially for the oldest subgroup (chemotherapy will be defined as a harmful 354 

factor for CSD). The non-CSD event is a nonnegligible competing risk in patients with cancer, 355 

especially for those with favorable prognosis. 356 

 357 

Then, after we established a nomogram, the probability of death in associated with each 358 

variable was presented as a point on the nomogram. The risk score for each patient was 359 

calculated by totalling the points of all the variables. Based on the total score, we can further 360 

divide the cohort into three subgroups (low, medium, high) to stratify the impact of 361 

controversial factors on prognosis, which might be helpful for clinicians to solve clinical 362 

issues. Take the effect of age on breast cancer as an example20. The impact of age on the 363 

outcomes of patients with early breast cancer has not been clinically established and is 364 

controversial. Based on the GRS classification, the worse prognosis of young women only 365 

appeared in the low- and medium-risk subgroups, and young age may act as a protective 366 

factor of prognosis. 367 

 368 

In terms of limitations, the competing risk estimate might lead to over competition in some 369 

situations21. For example, diseases with poor prognosis (such as advanced malignant tumors 370 

or poor differentiated pancreatic cancer) and great toxicities will inevitably have 371 

predominant effects on non-CSD. Whether the Cox model or the subdistribution 372 

proportional regression model (competing risk) should be applied in survival analysis should 373 

be carefully considered. Both non-CSD and over competition should be addressed carefully 374 

when survival is being estimated. Based on the results, we propose that for diseases with 375 

good prognosis and patients with old age, the impact of non-CSD on OS should be carefully 376 

considered in future clinical trials. CSD, which is based on a competing risk model, may be 377 

an alternative endpoint instead of always using traditional OS. 378 

 379 

In conclusion, we propose that not only malignant tumors with different prognosis but also 380 

the same disease with different stages might require the individual choice of an appropriate 381 

endpoint. Additionally, this methodology could be used to establish a nomogram based on 382 

the proper model (Cox or competing regression model) for quantifying risk, which can be 383 

further used for individualized guidance as well as better explain clinical phenomena in 384 

clinical practice. 385 

 386 
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Variables
Score

(Cox Model)

Estimated 

Probility

Race

1:White 10

2:Black 32

3:Other 0

Marital status

1:Married 0

2:Unmarried 9

3:Divorced 37

Histology

   1:Adenocarcinoma 10

   2:Mucinous adenocarcinoma 8

   3:Singet ring cell carcinoma 0

Differential grade

1:Grade I 0

2:Grade II 6

3:Grade III 37

T classification a

    1:T1 0

    2:T2 41

    3:T3 59

    4:T4 100

N classification a

0:00 0

1:0-3 17

2:3-6 43

3:6-12 74

278 0.6

254 0.7

223 0.8

173 0.9

125 0.95

281 0.4

242 0.6

218 0.7

187 0.8

137 0.9

89 0.95

303 0.1

Total score 

(3-year CIF)

Total score 

(5-year CIF)

Total score 

(2-year CIF)

Table 1：Point assignment and prognostic score in nomogram based on Cox Proportional Hazard 

Regression Model and Competing Risk Regression Model.

Total score 

(2-year Survival)

Total score 

(3-year Survival)

Total score 

(5-year Survival)
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279 0.2

241 0.4

203 0.6

179 0.7

148 0.8

98 0.9

50 0.95

Total score 

(5-year CIF)

a 
T and N classification according to 7

th
 AJCC staging system

CIF：Cumulative Incidence Function

Total score 

(5-year Survival)



Score

(Competing Model)

Estimated 

Probility

4

31

0

0

5

15

12

5

0

0

36

77

0

50

68

98

0

42

65

100

95 0.01

233 0.1

277 0.2

305 0.3

326 0.4

344 0.5

62 0.01

245 0.2

293 0.4

311 0.5

328 0.6

344 0.7

29 0.01

Table 1：Point assignment and prognostic score in nomogram based on Cox Proportional Hazard 

Regression Model and Competing Risk Regression Model.



212 0.2

260 0.4

295 0.6

328 0.8

349 0.9

a 
T and N classification according to 7

th
 AJCC staging system

CIF：Cumulative Incidence Function
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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