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Background

Gastrointestinal stromal tumor (GIST) is the most common type of mesenchymal tumors in the digestive tract, often recrudescing even after R0 resection. Adjuvant tyrosine kinase inhibitor therapy prolonged recurrence-free survival (RFS). This study aimed to develop a novel nomogram for predicting the RFS of patients following surgical resection of GISTs.



Methods

Clinicopathologic data of patients with GISTs at Tianjin Medical University General Hospital (Tianjin, China) from January 2000 to October 2019 were retrospectively reviewed. Univariate and multivariate Cox regression analyses were used to select the suitable variables from the training cohort to construct a nomogram for 2- and 5-year RFS. The 1,000 bootstrap samples and calibration curves were used to validate the discrimination of the nomogram. The receiver operating characteristic analysis(ROC) was used to compare the predictive ability of the nomogram and present four commonly used risk stratification systems: National Institutes of Health (NIH)–Fletcher staging system; NIH–Miettinen criteria; Modified NIH criteria; and Air Forces Institute of Pathology risk criteria (AFIP).



Results

Univariate and multivariate analyses showed that the tumor site, tumor size, mitotic index, tumor rupture, and prognostic nutritional index were significant factors associated with RFS. These variables were selected to create the nomogram for 2- and 5-year RFS (all P<0.05). The 2- and 5-year the ROC of the nomogram were 0.821 (95% confidence interval [CI]: 0.740–0.903) and 0.798 (95% CI: 0.739–0.903); NIH–Fletcher criteria were 0.757 (95% CI: 0.667–0.846) and 0.683 (95% CI: 0.613–0.753); NIH–Miettinen criteria were 0.762 (95% CI: 0.678–0.845) and 0.718 (95% CI: 0.653–0.783); Modified NIH criteria were 0.750 (95% CI: 0.661–0.838) and 0.689 (95% CI: 0.619–0.760); and AFIP were 0.777 (95% CI: 0.685–0.869) and 0.708 (95% CI: 0.636–0.780). Hence, the predictive probabilities of our nomogram are better than those of other GIST risk stratification systems.



Conclusion

This nomogram, combining tumor site, tumor size, mitotic index, tumor rupture, and prognostic nutritional index, may assist physicians in providing individualized treatment and surveillance protocols for patients with GISTs following surgical resection.
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Introduction

Gastrointestinal stromal tumors (GISTs) constitute the most common type of mesenchymal tumors in the whole digestive tract. These tumors typically arise in the gastric, and may occur in numerous sites, such as the small intestine, colon, rectum, mesentery, omentum, and retroperitoneum (1) Most GISTs originate from cajal cells, and show activation of the mutations in the KIT and platelet-derived growth factor receptor alpha (PDGFRA) proto-oncogenes (2). Complete surgical resection is the standard method for curing localized GIST. Unfortunately, these tumors often recrudesce within 5 years even after resection with negative margins (3). Some studies revealed that imatinib (a tyrosine kinase inhibitor [TKI]) may prolong recurrence-free survival (RFS) (4). The American College of Surgeons Oncology Group Trial Z9001 reported that adjuvant therapy with imatinib prolonged RFS in comparison with placebo, for patients with primary GIST≥3 cm in maximal diameter and positive for KIT protein (98% vs. 83%, respectively) (5). The National Comprehensive Cancer Network and the European Society of Medical Oncology have recommended imatinib as adjuvant treatment for patients with moderate or high risk of recurrence (6, 7). On account of the adverse effects of TKI and financial burden, it is important to precisely estimate the risk of recurrence for individual patients with GIST. Several risk stratification systems of GIST are recommended to evaluate the risk of recurrence for patients with GIST, tumor size, mitosis count, and/or tumor site, and tumor rupture: National Institutes of Health (NIH)–Fletcher staging system, NIH–Miettinen criteria, Forces Institute of Pathology (AFIP) risk criteria, and Modified NIH criteria (Table 1) (8–11). However, there are no generally acknowledged criteria of risk assessment for adjuvant therapy (12). Some studies presented that the neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and prognostic nutritional index (PNI) may predict recurrence and survival in patients with various solid tumors (13, 14).


Table 1 | Commonly used risk stratification systems for GISTs.



Nomograms are mathematical models presented by graphical illustrations, where information of certain features is used together to predict the expected endpoints. The simple graphical presentation of the nomogram allows physicians to make easy and rapid predictions in clinical practice (15). The aim of this study was to construct a nomogram that would be a practical, simple, and accurate method for predicting the RFS of patients following surgical resection of GIST, and suitable for clinical decision-making.



Patients and Methods

A total of 525 patients diagnosed with GIST met the standard criteria at Tianjin Medical University General Hospital from January 2000 to October 2019. Finally, 392 patients who met the following criteria were included in the study (1): radical resection with negative margins; (2) availability of complete clinicopathological and follow-up data; and (3) no TKI therapy before or after surgery. The exclusion criteria were: (1) pregnancy or lactation; (2) other serious diseases or history of malignancy that may influence prognosis; (3) death within 30 days following surgery; and (4) recurrent GIST. This study was approved by the Institutional Review Board of Tianjin Medical University General Hospital.

Patient clinicopathologic data were retrospectively reviewed. The data included age, sex, tumor location, tumor size, mitotic index, treatment methods, tumor rupture results of blood testing, follow-up data, etc.

Tumor size was measured according to the maximum tumor dimensions by pathologists. Tumor sizes were categorized as: ≤2 cm; >2 cm but ≤5 cm; >5 cm but ≤10 cm); and >10 cm.

The mitotic index was determined by counting the number of mitotic figures per 50 high-power fields (HPFs) (with a breakpoint of < or ≥5 mitoses per 50 HPF). Tumor rupture was evaluated during the operation by the surgeons.

The preoperative blood test results were obtained within 7 days prior to operation. The PNI was calculated using the following formula: 10 × albumin (g/dl) + 0.005 × total number of lymphocytes. The NLR was calculated by dividing the neutrophil count by the lymphocyte count. The PLR was calculated by dividing the platelet count by the lymphocyte count. The PNI, NLR, and PLR are shown as the median (range), mean (standard deviation), and were divided into low or high group according to their median (as shown in Table 2).


Table 2 | Clinicopathologic features of all patients.



The RFS was defined as the time from complete surgical resection to the date of local recurrence, distant metastasis, or the final follow-up date. Patients who were alive without recurrence or expired without GIST recurrence were censored at the time of data collection.

The 392 patients were randomly classified into two cohorts: training cohort (n=274) and validation cohort (n=118) (ratio 7:3) (shown in Table 3). Univariate and multivariate Cox regression analyses were used to select the suitable variables from the training cohort to construct a nomogram for 2- and 5-year RFS.


Table 3 | Variables of patients in the training and validation cohorts.



For the internal validation of the nomogram, we used the 1,000 bootstrap samples from the training cohort to obtain bias-corrected discrimination using a concordance index (c-index) (16). The c-index is a measure of the predictive accuracy for binary outcomes in a logistic regression model; values range 0.5–1.0, with higher indicating better accuracy. The calibration curves were created using the marginal estimate and the model average prediction probability; CI curves approaching the 45° line indicate better calibration. Subsequently, we used the nomogram to calculate the patients’ total scores from the validation cohort, and calculated the c-index and plotted the calibration curves to validate the discrimination again.

The receiver operating characteristic analysis was used to compare the predictive ability of the nomogram and present four commonly used risk stratification systems: NIH–Fletcher staging system; NIH–Miettinen criteria; Modified NIH criteria; and AFIP risk criteria.

For the statistical analyses, the SPSS statistics version 26.0 software (IBM Corp., Armonk, NY, USA) and R 4.0.1 software (survival and rms packages; Institute for Statistics and Mathematics, Vienna, Austria; http://www.r-project.org/) were used. A two-tailed P-value <0.05 denoted statistically significant difference.



Results


Clinicopathologic Features of Patients

Tables 2 and 3 present the clinical and pathologic features of the 392 patients included in this retrospectively study. The median age at initial diagnosis was 61 years (range: 19–89 years; cutoff value: 60 years). There were 175 males and 217 females. The sites of primary tumor were gastric (n=254) and non-gastric (n=138). The median follow-up period was 32 months (range: 1–124 months). The median size of tumors was 3 cm (range: 0.1–32cm): 160 tumors ≤2 cm (40.82%), 133 tumors 2–5 cm (33.93%), 70 tumors 5–10 cm (17.86%), and 29 tumors >10 cm (7.39%). Recurrence was observed in 33 patients (8.42%) within 2 years and 69 patients (17.60%) within 5 years. There were 315 patients with mitotic index ≤ 5 per 50 HPF (80.36%) and 77 patients with mitotic index >5 per 50 HPF (19.64%). There were 32 ruptured tumors (8.16%), and four patients had hepatic metastases (1.02%). The medians and ranges of the PLR, NLR, and PNI were 107.107 (19.770–566.842), 2.143 (0.076–37.496), and 47.646 (26.155–65.155), respectively. We chose the medians of the PLR, NLR, and PNI as the cutoff points to divide the patients into low and high groups, according to a previous study (17).



Creation of the Nomogram

Firstly, this study used the univariate Cox analysis to investigate variables in the training cohort that could be significantly associated with 2- and 5-year RFS. The tumor site (hazard ratio [HR]: 4.215, 95% confidence interval [CI]: 2.235–7.950, P=0.000), tumor size (>2 cm and ≤5 cm, HR: 0.032, 95% CI: 0.011–0.096, P=0.000; >5 cm and ≤10 cm, HR: 0.122, 95% CI: 0.048–0.313, P=0.000; >10 cm, HR: 0.260, 95% CI: 0.101–0.666, P=0.005), mitotic index (HR: 5.171, 95% CI: 2.924–9.145, P=0.000), tumor rupture (HR: 9.489, 95% CI: 4.850–18.566, P=0.000), and PNI (HR: 0.266, 95% CI: 0.138–0.511, P=0.000) were associated with RFS (Table 4). Secondly, this study used the multivariate Cox analysis to select the meaningful variables. The tumor site (HR: 2.223, 95% CI: 1.129–4.377, P=0.000), tumor size (>2 cm and ≤5 cm, HR: 2.940, 95% CI: 1.229–7.033, P=0.015; >5 cm and ≤10 cm, HR: 5.059, 95% CI: 1.986–12.886, P=0.001; >10 cm, HR: 10.825, 95% CI: 3.208–36.531, P=0.000), mitotic index (HR: 2.956, 95% CI: 1.553–5.627, P=0.001), tumor rupture (HR: 2.163, 95% CI: 1.001–4.672, P=0.0496), and PNI (HR: 2.244, 95% CI: 1.091–4.614, P=0.028) were significant factors associated with RFS (Table 5, Figure 1).


Table 4 | Univariate Cox analysis of prognostic variables in the training cohort for the RFS of patients with GISTs.




Table 5 | Multivariate Cox analysis of selected prognostic variables for the RFS of patients with GISTs.






Figure 1 | Nomogram predicting the probabilities of 2- and 5-year RFS. Points are assigned for site, size, mitotic index, rupture, and PNI by drawing a line upward from the corresponding values to the “Points” line. The sum of these five points plotted on the “Total Points” line corresponds to predictions of 2- and 5-year RFS. PNI, prognostic nutritional index; RFS, recurrence-free survival.



Finally, based on the above results, we selected the tumor site, tumor size, mitotic index, tumor rupture, and PNI as the statistically significant predictable factors to create a nomogram for 2- and 5-year RFS (Figure 2). The probability of RFS at 2 and 5 years can be predicted by calculating the points of each variable and projecting the total points to the bottom scale.




Figure 2 | Kaplan–Meier survival curves for RFS in the whole cohort, as stratified by tumor site (A), tumor size (B), tumor rupture (C), mitotic index (D), and PNI (E). PNI, prognostic nutritional index; RFS, recurrence-free survival.





Confirmation of the Nomogram

The 1,000 resampling bootstrap analysis was performed in the training and validation cohorts to verify the accuracy of the nomogram. The C-index of the training and validation cohorts was 0.826 (95% CI: 0.760–0.893) and 0.868 (95% CI: 0.796–0.940), respectively (Table 6). Meanwhile, calibration curves are illustrated in Figure 3, including the 2- and 5-year calibration curve in both the training and validation cohorts. Both the C-index and calibration curves in the training and validation cohorts demonstrated good consistency between the predicted and observed RFS values at 2 and 5 years. An online version of our nomogram can be accessed at https://shuliangli.shinyapps.io/DynNomapp/, to assist researchers and clinicians.


Table 6 | C-index for nomogram predictions of RFS.






Figure 3 | Calibration curves for the nomogram to estimate 2- and 5-year RFS in patients with GISTs. (A) The 2-year calibration curve in the training cohort. (B) The 2-year calibration curve in the validation cohort. (C) The 5-year calibration curve in the training cohort. (D) The 5-year calibration curve in the validation cohort. GIST, gastrointestinal stromal tumor; RFS, recurrence-free survival.





Comparison With Other Risk Stratification Systems

Receiver operating characteristic analysis was performed to compare the 2- and 5-year prognostic accuracy of the nomogram and the four risk stratification systems (i.e., NIH–Fletcher, NIH–Miettinen, Modified NIH, and AFIP criteria). According to the results, the 2- and 5-year AUC were: nomogram, 0.821 (95% CI: 0.740–0.903) and 0.798 (95% CI: 0.739–0.903); NIH–Fletcher criteria, 0.757 (95% CI: 0.667–0.846) and 0.683 (95% CI: 0.613–0.753); NIH–Miettinen criteria, 0.762 (95% CI: 0.678–0.845) and 0.718 (95% CI: 0.653–0.783); Modified NIH criteria, 0.750 (95% CI: 0.661–0.838) and 0.689 (95% CI: 0.619–0.760); and AFIP, 0.777 (95% CI: 0.685–0.869) and 0.708 (95% CI: 0.636–0.780), respectively (Table 7 and Figure 4). The data demonstrate that the predictive probabilities of the nomogram are better than those of other GIST risk stratification systems.


Table 7 | The 2- and 5-year AUC according to different criteria.






Figure 4 | Receiver operating characteristic curves for each risk model to predict the RFS of patients with GISTs. (A) The 2-year ROC curves. (B) The 5-year ROC curves. AUC, area under the curve; GIST, gastrointestinal stromal tumor; RFS, recurrence-free survival; ROC, receiver operating characteristic.






Discussion

At present, complete surgical resection is the primary therapeutic regimen for curing localized GISTs. However, the recurrence rate of GISTs after surgery continues to be relatively high (18, 19). In several randomized controlled trials, adjuvant TKI therapy following resection of primary GIST has been shown to increase RFS in patients at risk of recurrence (20, 21). In consideration of the adverse effects of TKI, financial burden, and patient compliance challenges, it is necessary to precisely estimate the risk of recurrence for individual patients with GIST. This would allow physicians to provide individualized treatment and surveillance protocols for such patients.

Several risk classification systems for predicting the prognosis of patients with GIST have been proposed, such as the NIH–Fletcher criteria, NIH–Miettinen criteria, AFIP risk criteria, and Modified NIH criteria. The NIH–Fletcher criteria are based on tumor size and mitotic index, while the NIH–Miettinen and AFIP criteria consider the tumor site as an additional variable. The Modified NIH criteria include the tumor size, mitotic index, tumor site, and tumor rupture as prognostic factors (11). These criteria have been compared and validated by several studies. Nevertheless, clinicians can only roughly assess the risk of recurrence after complete resection of GISTs.

The nomogram, a graphical operation interface of a mathematical model, is developed as a practical tool employing a combination of variables to precisely and rapidly predict the risk of recurrence for an individual patient. Typically, nomograms represent higher accuracy compared with other tumor staging systems (22, 23).

In 2009, utilizing the tumor size, tumor site, and mitotic index, Gold et al. created a prognostic nomogram to predict the RFS for patients with localized primary GISTs after complete surgical resection. It was termed the Memorial Sloan Kettering Cancer Center (MSKCC) nomogram (24). Some studies were employed to validate the prognostic predictive probability of the MSKCC nomogram through comparison with other risk classification criteria. The findings revealed that the prediction performance of the MSKCC nomogram for RFS was better than that of the NIH criteria; however, there was no significant difference between the MSKCC nomogram and the AFIP criteria (24, 25).

Some researchers consider that it is possible to improve the risk predictive probability of current risk stratification criteria by adding reasonable variables (25, 26). To identify additional predictive factors besides tumor site, size, mitotic index, and tumor rupture, this study retrospectively analyzed the clinicopathologic data of patients with GISTs through univariate and multivariate Cox analyses. The results showed that the PNI may be a predictive factor. The nomogram was constructed by combining the tumor site, size, mitotic index, tumor rupture, and PNI. It demonstrated excellent performance compared with other risk stratification criteria. To the best of our knowledge, this nomogram is the first to include the PNI as a predictive factor.

Tumor site, size, and mitotic index have been widely utilized to establish several risk stratifications. Consistent with the present results, several studies have validated their significance as prognostic factors (8–10, 23, 27).

Similar to previous studies (23–26), in our study, we found that the recurrence risk of non-gastric GISTs is higher than that of gastric GISTs.

Tumor size was transferred from a continuous variable to categorical variable, and divided into four groups for analysis. We found that it is the dominant risk factor of recurrence, according to the multivariate Cox analysis.

Mitotic index is another risk factor; in this study, patients with a mitotic index >5/50 HPFs had shorter RFS than those with a mitotic index <5/50 HPFs.

Tumor size and the mitotic index are important for evaluating the RFS of patients with localized primary GISTs after complete surgical resection. However, there are some factors influencing their accuracy, such as the fixed time after resection, the quality of pathological section, the pathologist’s experience, and the selected areas for counting mitotic and different microscopes used by the pathologists (12). For instance, there are two different microscopes. For the older one used in AFIP studies, the area of per 50 HPF is 5.3 mm2; however, for the currently used wide-field microscope, the area of 50 HPF is 11.87 mm2, the difference between the two microscopes is approximately 2.2-fold. In addition, some researchers counted mitoses in the most mitotically active area or the most cellular area, or until >100 mitoses were found, others counted in 50 randomly selected HPFs (28). To reduce the influence, pathologists could choose the same microscope and count per total area of 5 mm2 (12).

Tumor rupture is an independent prognostic factor, and its incidence ranges 2%–22% (13, 21). Some studies exhibited that GISTs patients without tumor rupture had a significantly longer RFS after complete resection than those with tumor rupture (11, 28). Joensuu et al. included tumor rupture as a risk factor in the Modified NIH criteria (11). In this study, the rate of tumor rupture in the cohort was 8.16%. Meanwhile, the Cox analysis showed that it was a significant predictive variable, consistent with previous studies.

In recent years, several findings have demonstrated that inflammatory parameters may be perfect factors as prognostic markers of various malignancies, including the NLR, PLR, and PNI (29–31). All three markers are easily acquired from complete blood counts and liver function testing. These tests are routinely used in clinical practice, and will not incur additional financial burden for patients.

Unfortunately, the present findings [similar to that of Shi et al (32).] revealed that only the PNI was an independent prognostic factor in patients with GISTs. The PNI, composed of albumin and lymphocytes, was initially used to evaluate the immunological and nutritional aspects of patients undergoing gastrointestinal tract surgery (29). Numerous previous studies have shown that low PNI was associated with poorer progression-free survival and overall survival in patients with malignant tumors, including high recurrence risk for GISTs (17, 30, 32, 33). In this study, the results indicated that GIST patients with a low PNI had shorter RFS than those with a high PNI.

Low PNI is also associated with hypoalbuminemia and/or lymphocytopenia. Hypoalbuminemia is an inflammatory surrogate rather than nutritional marker among these patients with cancer, and serum albumin reflects the inflammatory and nutritional status of patients (33). The bodies of patients with cancer undergo physiological stress, such as tumor hypoxia/necrosis and local tissue damage caused by cancer cells. To counteract these stimuli, the immune system of the body responds with a systemic release of proinflammatory cytokines and growth factors. Meanwhile, the hepatic cells promote the production of acute-phase proteins, and reduce the production of albumin, especially among patients with advanced cancer (34). Besides, GISTs may cause some symptoms, such as digestive bleeding, dyspepsia, nausea, vomiting, and diarrhea, which may result in malnutrition and hypoalbuminemia.

Another essential factor of the PNI is lymphocytes, that play an important role in enhancing the host immune system and eliminate the proliferation, migration, and invasion of cancer cells (35). Thus, patients with tumors and lymphocytopenia have impaired cellular immune systems and are unable to produce appropriate inflammatory reaction (36, 37). Wu et al. thought that patients who can maintain lymphocyte counts may have a reboot immune reaction, which might convey an optimistic prognosis in cancer (38).

As demonstrated in Figure 3, the nomogram has a satisfactory predictable performance compared with other risk stratification systems, with 2- and 5-year values of 0.821 and 0.798, respectively. Although the MSKCC nomogram was not included in the present analysis, Gold et al. reported that the MSKCC nomogram performs similarly to the AFIP criteria (c-index: 0.76; P=0.33) (24).

This study had several limitations. Firstly, this was a retrospective study, and may include biases in the analyses. Thus, prospective cohort studies are warranted to validate our conclusions. Secondly, this study was conducted in a single center. Hence, multi-center validation in the future is necessary to verify the importance of this nomogram.



Conclusions

In the present study, a nomogram based on tumor site, tumor size, mitotic index, tumor rupture, and the PNI, was constructed to predict the RFS of patients with primary GISTs. This nomogram may assist physicians in providing individualized treatment and surveillance protocols for patients with GISTs.
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