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Abstract 

Efficacy of the apparent diffusion coefficient value for 

predicting biochemical recurrence in patients with high-

risk prostate cancer 

 

Yoon Min Young 

Student Number : 2014-21130 

Urology, College of medicine, Seoul National University 

 

Introduction 

The purpose of this study was to investigate whether the apparent diffusion coefficient (ADC) value 

in diffusion-weighted magnetic resonance imaging (DW-MRI) could predict the prognoses of patients 

with high-risk prostate cancer. 

 

Materials and methods 

The retrospective study included 157 patients with high-risk prostate cancer according to D’amico’s 

criteria. Patients underwent a preoperative 3-T MRI and a prostatectomy within 2 months. Patients 
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who received neoadjuvant hormone therapy or radiation therapy were excluded. The apparent 

diffusion coefficient (ADC) of the tumor calculated from two b values (0, 1000 s/mm2) was measured. 

Areas under receiver-operating characteristics curves (AUC) were calculated to maximized the 

accuracy of ADC value. The cut-off point was 764 ×10-6 mm2/sec. Then, the patients were stratified 

into two groups: Group A consisted of patients with ADC values < 764×10-6 mm2/sec and Group B 

was ≥ 764×10-6 mm2/sec. Clinical and pathological outcomes were compared. The relation between 

the ADCmean and the BCR free survival rate were assessed by Kaplan-Meier Estimates. The Cox-

proportional regression analyses were also performed. 

 

Results 

Group A showed higher pathologic stage and biochemical recurrence (BCR) rates than Group B. On 

the Kaplan-Meier estimates, the BCR-free survival rate of Group A was much lower than that of 

Group B. In Cox-proportional regression analyses, ADCmean <764×10-6 mm2/sec and pathologic stage 

≥T3 disease were independent predictors of BCR, whereas mean age, PSA level, pathologic Gleason 

score ≥8, and positive surgical margin were not significantly correlated with BCR. 

 

Conclusion 

In patients with high-risk prostate cancer, ADCmean is significantly associated with BCR-free survival. 

ADC value is one of the useful tools to predict the prognoses of patients with high-risk prostate cancer. 

 

Key words 

MRI DWI ADC, prostate cancer, high risk, prognosis, BCR free survival rate  
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Introduction 

The incidence of prostate cancer is increasing in Korea and world-wide. In 2012, the incidence of 

prostate cancer in Korea was 27.0 per 100,000 persons, which is a 3-fold increase from that reported 

in 2000 7.2 per 100,000 persons. [1] In 2012, prostate cancer was the fourth most common type of 

cancer in the population aged ≥65 years. [1] 

 

Magnetic resonance imaging (MRI) has proven the efficiency in terms of the detection, treatment 

exploration and follow-up examination for prostate cancer. [2] In particular, the diffusion-weighted 

magnetic resonance imaging (DW-MRI) has gained attention owing to its ability to differentiate 

aggressive cancer types with higher Gleason scores from indolent cancers. [3-6] The mechanism of 

DW-MRI is based on the mobility of hydrogen protons in water. Apparent diffusion coefficient (ADC) 

is defined as the distance of a hydrogen proton’s movement. Therefore, tissue cells are denser, the 

ADC is lower. A tumor typically demonstrates denser cell distribution and sparser extracellular space. 

Therefore, the ADC value is lower in the tissue with prostate cancer. [2] 

 

Studies have reported that although patients were belonging to the same high-risk prostate cancer 

criteria, they had a broad variety of prognosis. Meanwhile, several recent studies have reported an 

inverse association between ADC values and Gleason’s scores and other adverse pathologic features 

in cases of prostate cancer. [4,7] However, to the best of our knowledge, no study has examined the 

relationship between ADC values and the prognosis of prostate cancer, especially high risk prostate 

cancer. In current study, we investigated the relationship between ADC values and the prognoses of 

patients with high-risk prostate cancers. 
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Materials and Methods 

 

Patients 

From January 2007 to December 2013, A total of 1,844 patients were underwent radical 

prostatectomy with prostate cancers at our center. Among them, we included 549 patients who were 

preoperatively performed DW-MRI at 3T (b factor = 1,000). Patients who received neoadjuvant 

hormone therapy or radiation therapy were excluded. Subsequently, 157 high-risk patients were 

selected for the final analysis according to D’amico’s criteria for prostate cancer: biopsy Gleason 

score ≥ 8 or preoperative prostate specific antigen (PSA) level ≥ 20 ng/mL or clinical stage ≥ T2c. 

The study protocol was approved by the local institutional review board (IRB) and the requirement for 

informed consent was waived owing to the retrospective nature of the study. 

 

MRI Technique 

We used 3-T MRI systems (Magnetom Verio and Magnetom Trio, Siemens Healthcare) without an 

endorectal probe. Before MRI, we injected 20 mg of butyl scopolamine (Buscopan, Boehringer-

Ingelheim) intramuscularly for suppression of bowel peristalsis. We acquired Multiplanar (axial, 

coronal, and sagittal) T2-weighted images with the following parameters: TR range/TE range, 3400–

4500/100–140; slice thickness, 3 mm; interslice gap, 0.3 mm; matrix, 512 × 318; FOV, 22 cm; 

number of signals acquired, 2; and parallel imaging acceleration factor, 2. We performed axial fat-

suppressed single-shot echoplanar DWI with the following parameters: TR/TE, 6500/77; slice 

thickness, 3.5 mm; no interslice gap; matrix, 192 × 192; FOV, 30 cm; number of signals acquired, 6; 

parallel imaging acceleration factor, 2; and b values, 0 and 1000 s/mm2. [8] 
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ADC values acquisition 

Two uroradiologists examined the patients’ ADC maps. First, the darkest areas of the pertinent 

histopathologic lesions were identified. [9] Subsequently, lesions of similar or larger sizes were 

evaluated to obtain the mean ADC values (Figure 1). The diffusion encoding gradients were applied 

as a bipolar pair at b-values 0 and 1,000 s/mm2. The ADC maps were automatically generated on a 

pixel-by-pixel basis. [10,11] 

 
Demographics 

The patients showed a normal distribution curve (Figure 2). The average and standard deviation ADC 

values were 677.3×10-6 mm2/sec and 184.0×10-6 mm2/sec, respectively. The areas under receiver-

operating characteristics curves were 0.691(0.612-0.762: 95% confidential interval (CI)), the 

sensitivity was 89.86 (80.2-95.8: 95% CI) and the specificity was 43.18 (32.7-54.2: 95% CI). The cut-

off value 764×10-6 mm2/sec was decided to maximize the discriminatory ability related to sensitivity 

and specificity (Figure 3). [12]  Then, the patients were stratified into two groups according to the cut-

off value. Group A consisted of patients with suspected tumor ADC values < 764×10-6 mm2/sec and 

Group B consisted of patients with suspected tumor ADC values ≥ 764×10-6 mm2/sec. The data were 

comparatively analyzed in terms of age, PSA level, ADC value, pathologic Gleason score, pathologic 

stage, positive surgical margin and biochemical recurrence. 

 
Statistical analysis 

We used the t-test, Chi-square test, and Cox-progression model to describe the relationships among 

the variables. The relation between the ADCmean and the BCR free survival rate were assessed by the 

Kaplan-Meier Estimates. The univariate and multivariate Cox-proportional regression analyses with 

the age, PSA, ADC value, pathologic Gleason score , pathologic stage as the covariates were 

performed. A P value of < 0.05 was considered statistically significant, and commercially available 

statistical software (SPSS 22.0, Chicago, IL) was used to analyze the data.  
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Results 

 

Patient demographics 

A total of 157 patients were analyzed. The age, body mass index (BMI), prostate volume, preoperative 

PSA level, biopsy Gleason score, pathologic Gleason score, clinical stage, pathologic stage, positive 

surgical margin, biochemical recurrence (BCR), and postoperative follow-up period were shown in 

Table 1. The mean age of the patients was 66.9 years. The mean BMI was 24.2 kg/m2. The median 

prostate volume was 43.1 mL. The mean PSA level was 24.4 ng/mL. The incidence of clinical stage 

≤T2 was 93.0% and pathologic stage ≤T2 was 66.9%. A biopsy Gleason score ≥8 was recorded for 

62.6% of the patients and a pathologic Gleason score ≥8 was recorded for 30.1% of the patients. The 

median postoperative follow up period was 35.0 months. The total BCR rate was 43.9%. The trend 

curve of BCR-free survival rate during follow-up was shown at Figure 4.  

A comparison of Group A and B in terms of age, preoperative PSA level, prostate volume, biopsy 

Gleason score, pathologic Gleason score, clinical stage, pathologic stage, positive surgical margin, 

and BCR were shown in Table 2. Pathologic stage ≥T3 disease was recorded in 65.1% of patients in 

Group A and 20.3% of patients in Group B (p<0.001). A positive surgical margin was detected in 51.8% 

of patients in Group A and 34.8% of patients in Group B (p=0.056). BCR was observed in 55.5% of 

patients in Group A and 17.0% of patients in Group B (p<0.001). All parameters evaluated, except for 

pathologic stage ≥T3 disease and BCR did not significantly differ between groups. 

 

Relationship between ADCmean and BCR-free survival rate 

In Kaplan-Meier analysis, BCR free survival rate showed significant difference according to the 

ADCmean (p<0.001, Figure 5). There is no decrease of BCR free survival rate of Group B after 30 

months after the prostatectomy, whereas BCR free survival rate of Group A continuously decreased. 
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Finally, 50 months later after radical prostatectomy, BCR-free survival rate of Group B was about 

80%, but Group A was about 20%.  

 

Relationship between pathologic stage and BCR-free survival rate 

Kaplan-Meier estimate for the relationship between pathologic stage and BCR-free survival rate 

yielded a p value = 0.012 (Figure 6). BCR-free survival rate for patients with pathologic stage ≥T3 

disease was lower than that of patients with pathologic stage ≤T2 disease. 

 

Cox-proportional regression analysis of mean age, PSA level, ADC value, 

pathologic Gleason score, pathologic stage, surgical margin positivity, and 

BCR 

In the univariate and multivariate Cox-proportional regression analysis, ADCmean < 764×10-6 mm2/sec 

and pathologic stage ≥T3 disease was correlated with BCR (univariate analysis: hazard ratio of 3.744 

and 1.863, respectively; p<0.001 and p=0.012, respectively; multivariate analysis: hazard ratio of 

1.728 and 1.787, respectively; p=0.001 and p=0.034, respectively). The mean age, PSA level, 

pathologic Gleason score ≥8, surgical margin positivity were not significantly correlated with BCR 

(Table 3).  
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Discussion 

MRI is continuously evolving, and more extensive use of MRI technology in clinical trials and 

practice has shown to improve prostate cancer diagnosis and treatment planning. [2] In addition, newly 

developed 3-T MRI systems have provided several useful diagnostic tools such as ADC value, for 

evaluating prostate cancer. [3-5] 

Verma et al. claim that ADC values might help to predict the incidence of prostate cancer, especially 

for tumors located in the peripheral zone. [3] They also reported that the ADC values were negatively 

correlated with the postsurgical Gleason grade in patients with prostate cancer (r = -0.39 for 

peripheral zone cancer). In addition, both ADC values and tumor volumes were found to significantly 

predict tumor aggressiveness, specifically in the peripheral zone (area under the curve, 0.78). 

Similarly, we found that low ADC values and pathologic stage ≥T3 were significantly correlated with 

BCR. 

Hambrock and his colleagues reported that the ADC values obtained using 3.0 T MRI showed an 

inverse relationship with the Gleason grade in peripheral zone prostate cancer. [4] Moreover, a high 

discriminatory performance was observed in terms of differentiation between low-, intermediate-, and 

high-grade cancer. However, because we initially recruited, compared, and analyzed only high-risk 

prostate cancer patients, a pathologic Gleason score ≥8 had no significant correlations with the BCR. 

Both the tumor volume and true diffusion ADC were reported as significant and independent 

predictors of histologic progression by van As et al. [13] This was consistent with our findings: 

pathologic stage ≥T3 disease and low ADC values were significant predictors of histologic 

progression, similar to BCR. Pathologic stage ≥T3 disease was also found to be significantly 

correlated with BCR. Furthermore, ADCmean < 764×10-6 mm2/sec measured on the ADC maps 

correlated with early BCR Kaplan-Meier estimate. The prognoses of patients with high-risk prostate 

cancers who have lower ADCmean are worse.  
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The reason that the PSA level and pathologic Gleason score ≥8 did not affect BCR is that we already 

had chosen a PSA ≥ 20 ng/mL or a preoperative biopsy Gleason score ≥8 patients as the criteria.  

We specially selected the 3-T MRI protocol because of the higher magnetic field homogeneity and 

future applicability. Kitajima et al claim said that 3.0 T MRI may have more advantages in terms of 

detecting prostate cancer than the 1.5 T MRI because of the higher signal-noise ratios, faster 

acquisition times, and higher spatial resolutions. [14] 

Positioning the lesions with low ADC values was difficult owing to the ADC readers’ subjective 

differences, which results in subtle differences in the ADC values. However, in general, the ADC 

reading range differences are small. Automated reading of ADC value by computer software would be 

helpful in the future. 

The prognoses of patients with high risk prostate cancer vary widely. Therefore, doctors always take 

warning against overtreatment or undertreatment. In this respect, our study would be useful for 

guiding treatment for patients with high risk prostate cancer.  

Our study may be limited by its retrospective nature. And a selection bias might be possible because 

we initially included only those patients who initially underwent prostatectomy. Nevertheless, our 

research has important clinical implications in that the ADCmean can predict the prognoses of patients 

with high risk prostate cancer.  
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Conclusion 

In patients with high-risk prostate cancer, ADCmean is significantly associated with BCR-free survival. 

ADC value is one of the useful tools to predict the prognoses of patients with high-risk prostate cancer.
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Table 1. Clinical and pathologic characteristics of all patients 

Total 

Number of patients 157 

Mean age (yr) 66.9 ± 6.2 

Mean ± SD 

BMI, kg/m2 

Prostate volume, mL 

Preoperative PSA, ng/mL 

 

24.2 ± 2.9 

43.1 ± 17.4 

24.4 ± 29.4 

Biopsy Gleason’s score (%) 

≤7 

≥8 

43 (27.4) 

114 (62.6) 

Clinical stage (%) 

≤T2 

≥T3 

 

146 (93.0) 

11 (7.0) 

Pathologic Gleason’s score (%) 

≤7 

≥8 

109 (69.9) 

48 (30.1) 

Pathologic stage (%) 

≤T2 

≥T3 

 

105 (66.9) 

52 (33.1) 

Positive surgical margin (%) 73 (46.8) 

Tumor biochemical recurrence (BCR) (%) 69 (43.9) 

Median postoperative follow-up (mo) 35 (24-43) 

SD, standard deviation; BMI, body mass index; PSA, prostate specific antigen  
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Table 2. Demographics and pathologic outcomes of the two groups 

classified according to the mean ADC values 

ADC, apparent diffusion coefficient; PSA, prostate specific antigen 

  

 

Group A 

(ADC < 746×10-6 

mm2/sec) 

Group B 

(ADC ≥ 746×10-6 

mm2/sec) 

p value 

Number of patients 110 (70.1%) 47 (29.9%) 
 

Mean age (yr) 67.0  66.7 0.745 

Preoperative PSA (ng/mL) 25.0 23.1 0.716 

Mean prostate volume (mL) 42.8 44.6 0.818 

Biopsy Gleason’s score ≥8 (%) 75 (68.2%) 38 (80.9%) 0.312 

Clinical stage ≥T3 (%) 40 (36.4%) 12(25.5%) 0.201 

Pathologic Gleason’s score ≥8 (%) 35 (31.8%) 13 (27.7%) 0.534 

Pathologic stage ≥T3 (%) 54 (65.1%) 15 (20.3%) <0.001 

Positive surgical margin (%) 57 (51.8%) 16 (34.8%) 0.056 

Tumor biochemical recurrence 

(BCR) (%) 
61 (55.5%) 8 (17.0%) <0.001 
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Table 3. Cox-proportional regression analysis of the factors predicting 

biochemical recurrence 

CI, confidential interval; PSA, prostate specific antigen; ADCmean, mean apparent diffusion coefficient; 

GS, Gleason score 

 
Univariate analysis   Multivariate analysis   

 
Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Mean age (yr) 0.989 (0.951-1.028) 0.568 0.979 (0.944-1.016) 0.269 

PSA 0.998 (0.989-1.006) 0.573 0.994 (0.984-1.004) 0.249 

ADCmean < 746×10-6 

mm2/sec 
3.744 (1.785-7.851) <0.001 1.728 (1.026-2.911) 0.001 

Pathologic GS ≥ 8  1.161 (0.708-1.903) 0.554 1.089 (0.661-1.793) 0.739 

Pathologic stage ≥ T3 1.863 (1.147-3.026) 0.012 1.787 (1.045-3.059) 0.034 

Surgical margin positive 1.523 (0.944-2.457) 0.085 1.113 (0.662-1.870) 0.687 
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Figure 1. Acquisition of the mean ADC values using a 3.0 Tesla DW-MRI scanner 

ADC, apparent diffusion coefficient; DW-MRI, diffusion-weighted magnetic resonance imaging
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Figure 2. Distribution of ADC values 

Mean ADC = 677.3 ± 184.0 × 10-6 (SD) mm2/sec 

ADC, apparent diffusion coefficient; SD, standard deviation 
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Figure 3. ROC curve analysis for deciding the most appropriate ADC cutoff value 

Diagonal straight green line shows line of reference. 

ROC, receiver operating characteristic; ADC, apparent diffusion coefficient 
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Figure 4. Kaplan-Meier estimate for BCR-free survival rate  

BCR, biochemical recurrence 

Total patients
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Figure 5. Kaplan-Meier estimate for BCR-free survival rate according to ADCmean 

values 

BCR, biochemical recurrence; ADCmean, mean apparent diffusion coefficient 

 

Group B 
(ADCmean ≥ 746x10-6 mm2/sec)

Group A 
(ADCmean < 746x10-6 mm2/sec)
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Figure 6. Kaplan-Meier estimate for BCR-free survival rate according to pathologic 

stage 

BCR, biochemical recurrence 

  

Pathologic stage ≤T2 

Pathologic stage ≥T3 
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국문초록 

 

Apparent diffusion coefficient value가 가지는 

고위험군 전립선암 환자의 생화학적 재발에 

대한 예측능 

 

학번: 2014-21130 

윤민영 

서울대학교 의학과 비뇨기과학교실 

 

서론: 그 동안의 연구에서 확산강조 자기공명영상(Diffusion-weighted magnetic resonance 

imaging, DW-MRI)의 apparent diffusion coefficient(ADC)가 전립선암의 위험도와 관련이 

있을 것이라고 보고되어왔다. 본 연구에서는 DW-MRI 에서 측정된 ADC 값이 고위험도 

전립선암 환자의 예후를 예측하는데 도움이 되는 지를 분석해보고자 하였다.  

대상 및 방법: 2007 년 1 월부터 2013 년 12 월까지 본원에서 전립선암으로 

근치전립선절제술을 시행 받은 환자들 중 수술 전 2 개월 이내에 3.0 테슬라 DW-MRI 를 

시행하고, b 인자가 1000 이상인 환자를 후향적으로 분석 대상으로 하였다. 
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술전호르몬치료나 방사선치료의 병력이 있는 환자는 제외하여 총 157 명의 환자가 

분석에 포함되었다. ROC curve 를 이용하여 민감도와 특이도에서 가장 분별력 있는 ADC 

cut-off 값 764×10-6 mm2/sec 을 구하여 이 값을 기준으로 ADC 값이 764×10-6 mm2/sec 

미만이면 A 그룹, 764×10-6 mm2/sec 이상이면 B 그룹으로 나누었으며 이후 두 그룹간의 

임상적, 병리학적 인자들을 비교하였고 주요인자들을 기준으로 다변량 Cox 회귀분석을 

시행하였다.  

결과: A 그룹은 110 명 (70.1%) 명, B 그룹은 47 명 (29.9%) 이었으며, 그룹간 비교에서 

나이, PSA, 전립선 크기 등에서는 유의한 차이를 보이지 않았으나 T3 이상의 병기 

(P<0.001) 및 생화학적 재발율 (P<0.001)에서는 유의한 차이를 보였다. Kaplan-Meier 

생존곡선을 비교하였을 때에는 그룹 A 에서의 생화학적 재발이 없는 생존률이 그룹 B 에 

비해 유의하게 낮았다. 단변량 및 다변량 Cox 회귀분석의 결과, 764×10-6 mm2/sec 미만의 

낮은 ADC 값과 수술 후 T3 이상의 병기가 생화학적 재발을 예측할 수 있는 유의한 

인자였다.  

결론: 본 연구에 낮은 ADC 값을 가지는 환자들이 예후가 나쁜 것으로 나타났다. 따라서 

3.0 테슬라 DW-MRI 에서 ADC 값은 수술 전 고위험도 전립선암 환자의 예후를 예측할 

수 있는 유용한 인자로서 임상적 가치가 매우 높다. 

 ---------------------------------------------------------------------------------------------------------- 

주요어: 전립선암, 확산강조 자기공명영상, apparent diffusion coefficient(ADC), 생화학적재발 
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