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Abstract

Purpose To evaluate the value of chest X-ray in the

follow-up of surgically treated T1-3N0M0 renal cell

carcinoma.

Methods We performed retrospective analysis of patients

that underwent surgical treatment of a localized renal cell

carcinoma (T1-3N0M0) between January 1993 and July

2010. Data on frequency and results of performed chest

X-rays were collected from patients’ records.

Results In 17.5 years, 249 patients with a T1-3N0M0

renal cell carcinoma underwent a radical or partial

nephrectomy. In 221 patients, 823 chest X-rays were per-

formed during a median follow-up of 3.3 years (range

0.5–17 years). In 19 patients, a pulmonary recurrence

occurred, of which 10 were not detected by the regular

follow-up. Of the 9 patients that were diagnosed with a

pulmonary recurrence with a chest X-ray during follow-up,

7 were asymptomatic at the time of diagnosis, and the chest

X-ray has led to the detection; 0.85 % of the performed

chest X-rays (7/823) have led to the detection of asymp-

tomatic lung metastases.

Conclusions Due to the low yield of chest X-ray for

detection of asymptomatic pulmonary recurrences, it has

very low clinical value in the follow-up after nephrectomy

for T1-3N0M0 renal cell carcinoma.
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Introduction

In 2008, the global incidence of kidney cancer was about

270,000, and about 110,000 patients died of kidney cancer

in 2008 [1]. Ninety percent of kidney cancers are renal cell

carcinoma [2]. Renal cell carcinoma is the third most

common urological malignancy, representing 2–3 % of all

malignancies.

Surgery is the preferred therapy in localized renal cell

carcinoma, and cure can be achieved with either partial or

radical nephrectomy depending on tumor size, location and

stage [3]. Survival after radical resection is excellent in

patients with small, well-differentiated cancers, and 5-year

survival has been reported up to 85 % in patients with stage

I disease. When combining tumor stage, grade and patient

performance status, 5-year survival is reported upto 92 %

in patients with low risk of cancer-specific mortality [4].

Disease-free and cancer-specific survival decreases in

patients with larger tumors, metastases, invasion into the

vena cava or surrounding tissue, and in tumors with higher

Fuhrman grades. Recurrences are reported in up to 30 %

after curative surgery, of which 50–60 % are situated in the

lungs [5]. Recurrence rate increases with tumor stage and

Fuhrman grade.

A selection of patients with pulmonary metastasis after

surgically treated, initially non-metastasized renal cell

carcinoma can be treated with surgical excision or systemic

treatment; this underlines the need for a follow-up regimen

[6]. Guidelines on the follow-up of renal cell carcinoma are

available. Historically, chest X-ray was the preferred

modality to detect pulmonary metastases. Chest CT scan
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has been recommended increasingly [7]. In clinical prac-

tice, X-ray is being used less often [8], and for other types

of cancer, chest X-ray has even been abandoned because of

the low diagnostic value [9–11].

We postulate that chest X-ray has low value in the

follow-up of surgically treated, localized renal cell carci-

noma and could be omitted as routine investigation in

many cases. We tested this hypothesis with a retrospective

analysis.

Materials and methods

Patients

In order to investigate the value of chest X-ray in the fol-

low-up of renal cell carcinoma, all consecutive patients

who underwent radical or partial nephrectomy in the period

from January 1993 to July 2010 for a primary renal cell

carcinoma were studied retrospectively. Surgery was per-

formed in all cases in the University Medical Center

Groningen, in Groningen, the Netherlands, by different

urologists and urologists in training. Patients were identi-

fied from a hospital database using unique codes for dif-

ferent operations. Patients with histologically proven renal

cell carcinoma were selected. To include only patients that

were treated curatively and therefore were tumor-free

postoperatively, patients with nodal or distant metastases at

the time of diagnosis, with a tumor extending beyond

Gerota’s fascia or in the ipsilateral adrenal gland (T4

according to 2010 TNM classification; [12]) or with non-

radical resection (R1) were excluded. All preoperative

imaging showed no metastases.

Methods

Numbers, results and dates of chest X-ray investigations

were collected from electronic and paper patient records,

along with information on (pulmonary) symptoms and

physical examination. Written reports from all performed

X-rays could be obtained, either from electronic patient

records or from paper records. All pathologic reports could

be obtained as well. Follow-up time was calculated starting

from the day of surgery and ending at the last routine visit

at the urological outpatient clinic in our hospital in case of

non-recurrence. In the case of recurrent disease routine

follow-up ended the day of diagnosis of the recurrence.

Follow-up chest X-ray was defined as any chest X-ray

requested for follow-up purposes of the renal cell carci-

noma. The expected frequency of performing chest radi-

ography is biannualy in the first 3 years and once a year

thereafter for a total of 5 years (T1-2 tumors) or 10 years

(T3 tumors), according to available Dutch guidelines on

renal cell carcinoma [13]. Site of recurrence, as well as

method of diagnosing recurrence was registered.

Tumors were staged according to the seventh edition of

the TNM classification [12] and graded according to WHO

2004 classification [14]. Fuhrman classification was avail-

able in 153 of 221 patients; 75 % of missing values were

found in the group of patients operated on before 2002.

Crosstabulations for recurrence and Fuhrman gradation

shows 29.9 % missing values in patients without recur-

rence and 35.3 % missing values in patients with recur-

rence. This suggests missing at random at least. Therefore,

listwise deletion is used in relating Fuhrman classification

to recurrence.

Data collection and analyses were performed using IBM

SPSS statistics version 20. Descriptive statistics were used.

Results

In 17.5 years, 249 patients underwent radical or partial

nephrectomy for pT1-3N0M0 R0 renal cell carcinoma.

Patients’ characteristics are presented in Table 1. Two

patients with bilateral disease were treated; both patients

underwent radical nephrectomy on one side and partial

nephrectomy on the other side. Almost three-quarters of

patients were diagnosed with a renal cell carcinoma of the

clear cell type. Sixty patients underwent follow-up in a

referring hospital after a median follow-up of 6 months in

our hospital (range 0–4.2 years). Twenty patients were

referred within 6 months and are excluded from further

analysis because of missing follow-up data in other hos-

pitals. During the available follow-up, no recurrences were

reported in this group.

The remaining 221 patients had a total follow-up of 868

person years with a median of 3.3 (range 0–17 years). A

total of 823 chest X-rays for follow-up purposes were

Table 1 Patient characteristics

Sex

Male 139

Female 110

Mean age (range) 61 (26–86)

Follow-up in referring hospital 60

Type of surgery

Radical nephrectomy 191

Partial nephrectomy 56

Radical and partial nephrectomy 2

Tumor localization

Right kidney 131

Left kidney 116

Bilateral 2
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performed, with a median of 3 (range 0–14). This is 76 %

of the expected number of 1,079 based on guidelines on

renal cell carcinoma follow-up [13]. Sixty-three patients

(28.5 %) underwent exactly the number of expected

X-rays. Fifty-six patients (25.3 %) underwent one or more

X-rays than expected and 102 (46.2 %) patients underwent

less than the expected number of X-rays. No significant

association (using chi square) could be found between

these three groups and T-stage or Fuhrman grade. Fifty-

eight chest CT scan’s were performed for follow-up pur-

poses in 35 patients. Ten of 63 patients with the expected

number of X-rays underwent one or more CT scan’s, 24 of

102 patients with less than the expected number of X-rays

and 11 of 56 patients with more than the expected numbers

of X-rays.

An additional 105 chest X-rays were performed during

follow-up, but for other purposes by other specialties in the

hospital or by the general practitioner (e.g., cardio-pul-

monary symptoms, pneumonia, standard non-urologic

preoperative imaging, screening etc.).

Tumor histology, staging and grading are displayed in

Table 2. Pearson’s chi square shows no independency for

Fuhrman gradation and recurrence in 153 patients

(p = 0.012) with 1 recurrence of 24 patients with Fuhrman

1, 8 of 76 patients with Fuhrman 2, 9 of 35 patients with

Fuhrman 3 and 4 of 9 patients with Fuhrman 4.

Of 221 patients, 34 had recurrent disease (15.4 %).

Nineteen had a pulmonary recurrence (8.6 %). Median

time to recurrence was 1.1 year (range 0.07–10.5 year). Of

125 patients with a T1 tumor, 5 (4 %) had a recurrence.

One patient in this group had a pulmonary recurrence

(0.8 %), and time to recurrence was 5.2 years. Of 36

patients with a T2 tumor, 8 patients (22 %) had a recur-

rence, of which 6 had a pulmonary recurrence (16 %) and

median time to recurrence 1.2 years (range 0.27–10.5). Of

59 patients with a T3 tumor, 21 (35.6 %) had a recurrence

(12 pulmonary recurrences, 20.3 %, median time to

recurrence 0.81 years, range 0.16–6.0 years). Pearson’s chi

square shows a significant association of T-stage with

recurrent disease (p \ 0.001).

Using Pearson’s chi Square, there is no significant

association between T-stage and Fuhrman grade and being

diagnosed during or outside follow-up (p = 0.08 and

p = 1.000 for T-stage and Fuhrman grade, respectively).

Of nineteen patients with pulmonary recurrence, 10

patients were found outside regular follow-up (52.6 %;

10/19). All ten patients were symptomatic at time of

diagnosis of lung metastases. Nine of these ten patients

died within a year.

Of nine patients that were found during follow-up, 7

patients were asymptomatic. In these 7 patients, follow-up

purposes led to the diagnosis. Therefore, 0.85 % of the

chest X-rays that were performed for follow-up purposes

lead to the diagnosis of pulmonary metastases in asymp-

tomatic patients (7/823).

When patients with a T1 tumor are excluded, 96 patients

remain, in which a total of 368 chest X-rays were per-

formed. Eighteen patients had pulmonary metastases, of

which 7 patients were asymptomatic. The yield of chest

X-ray therefore improves to 1.9 % (7/368) when only used

in T2–T3 tumors. All these eighteen patients underwent

computed tomography, of which 100 % showed pulmonary

metastases.

Ten of nineteen patients (52.6 %) underwent no treat-

ment for their pulmonary metastases, because of poor

performance status, patient preference or massively dis-

seminated disease. Four patients (21.1 %) underwent sur-

gical treatment; one died 9 months after surgery. Three

other patients survived up to the last follow-up date (mean

survival 54 months, range 26–79 months). Five patients

(26.3 %) underwent systemic treatment, all died within

36 months after start of the treatment.

Discussion

Chest X-ray has low value in the follow-up of localized

renal cell carcinoma. In our cohort, 19 patients were

diagnosed with pulmonary metastases. More than half of

Table 2 Tumor characteristics

N (%)

Histology

Clear cell 185 (74.3)

Papillary 24 (9.6)

Chromophobe 2 (0.8)

Mixed 16 (6.4)

Unknown 22 (8.8)

T-stage

T1a 81 (32.5)

T1b 56 (22.5)

T2a 21 (8.4)

T2b 19 (7.6)

T3a 51 (20.5)

T3b 11 (4.4)

T3c 9 (3.6)

Unknown 1 (4)

Fuhrmann grade

1 26 (4, 10)

2 88 (35.3)

3 47 (18.9)

4 10 (4.0)

Unknown 78 (31.3)
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these patients [10] were diagnosed symptomatic, outside

follow-up. To find 7 asymptomatic patients with lung

metastases by means of follow-up, we performed 823 chest

X-rays, implying a yield of 0.85 % of the performed

X-rays. When excluding patients with T1 tumors, this yield

is slightly higher. These results imply that if performed

frequently enough, chest X-ray will be able to find less than

half of patients with pulmonary recurrence in early a stage.

Without any imaging, 12 of 19 patients with pulmonary

metastases would have been identified because of symp-

tomatic disease. Sandock et al. [15] state that a history

directed to pulmonary symptoms will identify more than

seventy percent of patients with lung metastasis. However,

when the goal of follow-up is to find asymptomatic

recurrences, there is no contributory value of taking a

history, without underestimating the value of clinical his-

tory and examination in everyday practice.

Although we have not performed survival analysis,

present results show the benefit of metastasectomy in

patients with lung metastasis, with survival up to

74 months. The value of metastasectomy of lung metas-

tases in renal cell carcinoma has been stated before [16,

17]. Furthermore, patients with metastatic disease can

benefit from systemic treatment [18, 19]. This emphasizes

the need for a thorough follow-up [6], in which patients are

found in an early stage of recurrence. In clinical practice,

chest CT scan tends to replace conventional radiographs

[8]. More than once, stage-specific algorithm’s on follow-

up of renal cell carcinoma have been proposed, often

advising the use of chest CT scan in patients with high

likelihood of recurrence and using X-rays in patients with

low likelihood of recurrence [7, 20]. Important prognostic

values to predict likelihood of recurrence is tumor stage

and Fuhrman grade. Recurrence-free survival, as well as

overall survival, diminishes as tumor stage and Fuhrman

grade increases [21–24]. Recurrence in patients with a T1

tumor has been reported in 0–7 % of cases [15, 20]. In our

study, low incidence of recurrence in these patients has

been reported as well (4 %). Low tumor stage therefore has

a favorable predictive value for recurrent disease compared

to higher tumor stage (22 and 36 % metastases in patients

with T2 and T3 tumors, respectively). The same is true for

low Fuhrman grades. More comprehensive nomograms

have been developed [21, 24–27] and discussed [28] and

can be helpful tools in predicting outcome. In our series,

T-stage and Fuhrman grade did not predict the chance of

being found during follow-up or with symptomatic disease.

Stage- and grade-dependent follow-up should therefore be

based on likelihood of recurrence and not as a value dis-

criminating between asymptomatic and symptomatic

metastases.

It remains disputable if chest X-ray is appropriate in

patients with low likelihood of recurrence. More than

implying a high sensitivity in this particular group, nega-

tive predicting value is high because of a low incidence of

recurrences. The latest guideline of the European Associ-

ation of Urology states that surveillance should not be

based on imaging modalities as chest radiography [29].

This is confirmed by our results.

It exceeds the limits of this study to design a stage-

specific follow-up regimen, given the small number of

patients. Having performed a retrospective study with all

its inherent shortcomings, we report on current clinical

practice in the follow-up of renal cell carcinoma. Our data

support previously designed risk stratifications, in which

tumor stage and Fuhrman grade are important factors in

predicting recurrence. Although it remains unclear if it is

justifiable to perform routine chest CT scan in all patients

regardless of initial stage, chest X-ray should not be per-

formed in the follow-up of curatively treated renal cell

carcinoma. More data in larger number of patients are

needed.

Conclusion

A chest X-ray for detection of asymptomatic pulmonary

recurrences has a very low clinical value in the follow-up

after nephrectomy for T1-3N0M0 renal cell carcinoma.

Conflict of interest The authors declare that they have no conflict

of interest.

References

1. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin D

(2008) GLOBOCAN 2008 v1.2, cancer incidence and mortality

worldwide: IARC CancerBase No. 10 [Internet] World. Available

from: http://globocan.iarc.fr

2. Visser O, Siesling S, van Dijck JAAM (2000) Incidence of cancer

in the Netherlands 1999/2000 [Internet]. Available from: http://

www.ikz.nl/uploaded/bibliotheek_upload_document/36/VIKC-

Inc-2000-81-web.pdf

3. Fergany AF, Hafez KS, Novick AC (2000) Long-term results of

nephron sparing surgery for localized renal cell carcinoma:

10-year followup. J Urol 163(2):442–445

4. Patard J-J, Kim HL, Lam JS, Dorey FJ, Pantuck AJ, Zisman A

et al (2004) Use of the University of California Los Angeles

integrated staging system to predict survival in renal cell carci-

noma: an international multicenter study. J Clin Oncol 22(16):

3316–3322

5. Motzer R, Bander N (1996) Renal-cell carcinoma. N Engl J

335(12):865–875

6. Skolarikos A, Alivizatos G, Laguna P, de la Rosette J (2007) A

review on follow-up strategies for renal cell carcinoma after

nephrectomy. Eur Urol 51(6):1490–1500; discussion 1501

7. Motzer RJ, Agarwal N, Beard C, Bhayani S, Graeme B, Carducci

MA et al (2011) Kidney cancer. J Natl Compr Cancer Netw

9(9):960–977

1018 World J Urol (2014) 32:1015–1019

123

http://globocan.iarc.fr
http://www.ikz.nl/uploaded/bibliotheek_upload_document/36/VIKC-Inc-2000-81-web.pdf
http://www.ikz.nl/uploaded/bibliotheek_upload_document/36/VIKC-Inc-2000-81-web.pdf
http://www.ikz.nl/uploaded/bibliotheek_upload_document/36/VIKC-Inc-2000-81-web.pdf


8. Basu S, Biyani CS, Sundaram SK, Spencer J (2006) A survey of

follow-up practice of urologists across Britain and Ireland fol-

lowing nephrectomy for renal cell carcinoma. Clin Radiol

61(10):854–860; discussion 861–862

9. Ciatto S, Pacini P, Andreoli C, Cecchini S, Iossa A, Grazzini G

et al (1989) Chest X-ray survey in the follow-up of breast cancer

patients. Br J Cancer 60(1):102–103

10. Graham RA, Wang S, Catalano PJ, Haller DG (1998) Postsur-

gical surveillance of colon cancer. Ann Surg 228(1):59–63

11. Khatcheressian JL, Wolff AC, Smith TJ, Grunfeld E, Muss HB,

Vogel VG et al (2006) American Society of Clinical Oncology

2006 update of the breast cancer follow-up and management

guidelines in the adjuvant setting. J Clin Oncol 24(31):

5091–5097

12. Sobin LH, Gospodarowicz M, Wittekind C (eds) (2010) Inter-

national union against cancer (UICC) TNM classification of

malignant tumours, 7th edn. Wiley-Blackwell, Hoboken, NJ

13. Landelijke werkgroep urologische tumoren (2010) Niercelcarci-

noom [Internet]. pp 1–163. Available from: http://www.oncoline.

nl/niercelcarcinoom

14. Eble JN, Epstein JI, Sesterhenn IA (2004) World health organi-

zation classification of tumours pathology and genetics of tumours

of the urinary system and male genital organs. IARC Press, Lyon

15. Sandock DS, Seftel AD, Resnick MI (1995) A new protocol for

the followup of renal cell carcinoma based on pathological stage.

J Urol 154(1):28–31

16. Piltz S, Meimarakis G, Wichmann MW, Hatz R, Schildberg FW,

Fuerst H (2002) Long-term results after pulmonary resection

of renal cell carcinoma metastases. Ann Thorac Surg 73(4):

1082–1087

17. Hofmann H-S, Neef H, Krohe K, Andreev P, Silber R-E (2005)

Prognostic factors and survival after pulmonary resection of

metastatic renal cell carcinoma. Eur Urol 48(1):77–81; discussion

81–82

18. Herrmann E, Bierer S, Wülfing C (2010) Update on systemic

therapies of metastatic renal cell carcinoma. World J Urol

28(3):303–309

19. Molina AM, Motzer RJ (2011) Clinical practice guidelines for the

treatment of metastatic renal cell carcinoma: today and tomor-

row. Oncologist 16(Suppl 2):45–50

20. Levy DA, Slaton JW, Swanson DA, Dinney CP (1998) Stage

specific guidelines for surveillance after radical nephrectomy for

local renal cell carcinoma. J Urol 159(4):1163–1167

21. Kattan MW, Reuter V, Motzer RJ, Katz J, Russo P (2001) A

postoperative prognostic nomogram for renal cell carcinoma.

J Urol 166(1):63–67

22. Lam JS, Klatte T, Kim HL, Patard J-J, Breda A, Zisman A et al

(2008) Prognostic factors and selection for clinical studies of

patients with kidney cancer. Crit Rev Oncol Hematol 65(3):

235–262

23. Lam JS, Shvarts O, Leppert JT, Pantuck AJ, Figlin RA, Bellde-

grun AS (2005) Postoperative surveillance protocol for patients

with localized and locally advanced renal cell carcinoma based

on a validated prognostic nomogram and risk group stratification

system. J Urol 174(2):466–472; discussion 472; quiz 801

24. Raj GV, Thompson RH, Leibovich BC, Blute ML, Russo P,

Kattan MW (2008) Preoperative nomogram predicting 12-year

probability of metastatic renal cancer. J Urol 179(6):2146–2151;

discussion 2151

25. Sun M, Shariat SF, Cheng C, Ficarra V, Murai M, Oudard S et al

(2011) Prognostic factors and predictive models in renal cell

carcinoma: a contemporary review. Eur Urol 60(4):644–661

26. Karakiewicz PI, Briganti A, Chun FK-H, Trinh Q-D, Perrotte P,

Ficarra V et al (2007) Multi-institutional validation of a new renal

cancer-specific survival nomogram. J Clin Oncol Off J Am Soc

Clin Oncol 25(11):1316–1322

27. Leibovich BC, Blute ML, Cheville JC, Lohse CM, Frank I, Kwon

ED et al (2003) Prediction of progression after radical nephrec-

tomy for patients with clear cell renal cell carcinoma: a stratifi-

cation tool for prospective clinical trials. Cancer 97(7):

1663–1671

28. Hupertan V, Roupret M, Poisson J-F, Chretien Y, Dufour B,

Thiounn N et al (2006) Low predictive accuracy of the Kattan

postoperative nomogram for renal cell carcinoma recurrence in a

population of French patients. Cancer 107(11):2604–2608

29. Ljungberg B, Bensalah K, Bex A, Canfield S, Dabestani S,

Hofmann F et al (2013) Guidelines on renal cell carcinoma,

update March 2013. Uroweb 2013. Available from: http://www.

uroweb.org/gls/pdf/10_Renal_Cell_Carcinoma_LRV2.pdf. Ac-

cesed 7 Aug 2013

World J Urol (2014) 32:1015–1019 1019

123

http://www.oncoline.nl/niercelcarcinoom
http://www.oncoline.nl/niercelcarcinoom
http://www.uroweb.org/gls/pdf/10_Renal_Cell_Carcinoma_LRV2.pdf
http://www.uroweb.org/gls/pdf/10_Renal_Cell_Carcinoma_LRV2.pdf

	Chest X-ray in the follow-up of renal cell carcinoma
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Methods

	Results
	Discussion
	Conclusion
	Conflict of interest
	References


